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The research consisted of a literature review of the epidemiology 
of anaplasmosis and a descriptive epidemiological study of anaplasmo­
sis in the Red River Plains and Southeast areas of Louisiana. The 
prevalence of anaplasmosis assessed by indirect fluorescent antibody 
(IFA) testing of 11,085 serum samples that had been obtained from 
cattle located in the study areas was 7.8%. Beef cattle appeared to 
show a higher Anaplasma antibody prevalence than dairy cattle, that is
11.2% to 3.8%, respectively. Among breeds, the Angus and Angus-cross 
animals seemed to show an increased susceptibility to infection. The 
prevalence of infection in free-roaming deer was determined by sero­
logically testing 331 deer serum samples. Six, or 1.8%, of the deer 
serum samples were positive by the IFA test for Anaplasma antibodies.
Incidence rates of clinical anaplasmosis in beef cows, bulls and 
dairy cows were determined by producer surveys to be 0.31, 0.50 and
0.21%, respectively. Peak incidence of cases reported by producers 
and veterinary practitioners occurred in July, August and September as 
88% of 256 cases were seen during these three months. The recognized 
principal vectors of anaplasmosis in Louisiana are the Tabanidae which 
are most abundant from mid-May to near the end of July. Hence, the 
clinical cases occurred 4-12 weeks after the peak abundance of the 
tabanid vectors. The majority of the cases were 4-6 years of age and 
the outcome was death in close to 50% of the cases.
viii
The relationship of clinical anaplasmosis in herds with other 
disease morbidity, nutritional supplementation, vaccinations, external 
and internal parasite control, tetracycline supplementation, reproduc­
tive management and use of veterinary services could not be found 
statistically. Herd location of seropositive animals and clinical 
cases of anaplasmosis was related to Tabanidae abundant areas of 
bottomland hardwood vegetation.
Death loss, value of cull loss, dairy milk production loss, 
veterinary service, treatment and prevention costs in beef cows, beef 
bulls and dairy cows were valued at close to $0.5 million for the 
study areas in 1983. This determination was achieved through extrapo­
lation of the epidemiological and economic parameters computed from 
the survey results.
INTRODUCTION
The present research consisted of two main components, a litera­
ture review of the epidemiology of anaplasmosis and a descriptive 
epidemiological study of anaplasmosis in the Red River Plains and 
Southeast Areas of Louisiana.
The epidemiology of anaplasmosis in Louisiana has not been 
thoroughly investigated especially in regards to the relationship of 
anaplasmosis with intrinsic and extrinsic host determinants and 
vectors. Wilson in 1960 had provided a study on the correlation 
between the abundance of tabanid flies and the incidence of anaplas­
mosis in four parishes in Louisiana. Wilson (et al 1970) looked at 
tabanid fly populations and Steelman (et al 1970) looked at mosquito 
populations, in relation to the reactor rate for Anaplasma antibodies 
in dairy cattle over the vector season.
In Louisiana, detailed losses and costs of anaplasmosis have not 
been done. Oglesby (1963) estimated that 17,000 cattle died and 
85,000 other cattle had clinical anaplasmosis with recovery, during 
1958 in Louisiana (McDowell et al 1964). The 1958 death losses were 
estimated to be $4 million in value (U.S. Department of Agriculture 
1963). In the same year a serological survey using the complement 
fixation test revealed 13.1% of 9563 animals positive for Anaplasma 
antibodies (McDowell et al 1964).
The most recent serological survey of Anaplasma antibodies using 
the modified rapid card agglutination test revealed a 5.4% prevalence 
(Hugh- Jones personal communication 1984).
x
The overall objective of the present research was to describe the 
epidemiology and the economic importance of anaplasmosis in Louisiana. 
The study results obtained should be very useful to veterinary practi­
tioners, extension personnel, and producers.
The component objectives of this research included:
1. Review the epidemiology of anaplasmosis.
2. Determine the incidence of clinical cases of anaplasmosis in
the dairy and beef cattle of the Red River Plains and South­
east areas of Louisiana.
3. Describe the reported clinical cases as to intrinsic host 
determinants and spatial and temporal distributions.
4. Determine the prevalence of Anaplasma antibodies present in
the dairy and beef cattle of the Red River Plains and South­
east areas of Louisiana.
5. Estimate the annual losses and costs incurred from anaplas­
mosis in the Red River Plains and Southeast areas of
Louisiana.
6. Study the epidemiology of anaplasmosis in beef cow-calf herds
of the Red River Plains and Southeast areas of Louisiana in 
regards to relationship with disease and herd management 
factors and herd location within natural vegetation regions.
7. Determine the prevalence of Anaplasma antibodies in white­
tailed deer in Louisiana and compare two serological tests 
for the detection of such antibodies in deer sera.
8. Compare the results of the indirect fluorescent antibody and 
modified rapid card agglutination tests for the detection of 
Anaplasma antibodies in field serum samples and discuss the 
attributes of the Indirect fluorescent antibody test as a 
screening test for the serology of anaplasmosis.
xii
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1
Introduction
Anaplasmosis caused by infection with the rickettsia Anaplasma 
marginale is a disease of cattle. The infection can occur in sheep, 
goats and wild ruminants. Anaplasma marginale is classified under the 
order Rickettsiales and the family Anaplasmataceae to which Anaplasma 
centrale, Anaplasma ovis and Anaplasma caudatum belong (Ristic and 
Kreier 1984).
In cattle the incubation period is usually 3-4 weeks or longer. 
Experimental inoculation of Anaplasma marginale infected erythrocytes 
can reduce the incubation period to a few days if large numbers of 
organisms are injected into a susceptible bovine. There are subacute, 
chronic, acute and peracute forms of the disease. Anaplasmosis is 
subacute or mild in most cases and especially in calves under one year 
of age. In the acutely affected animal the temperature rises to about 
40.5°C and it may remain elevated or fluctuate with irregular periods 
of fever and normal temperature for several days. Weakness, jaundiced 
mucous membranes, pallor of the mucous membranes, inappetance, consti­
pation, labored respiration, decreased milk production, depression, 
ataxia, frequent urination, dehydration, body weight loss, irrational 
behavior and abortion are clinical signs that may be seen during or 
shortly after the acute stage of anaplasmosis. The acute signs may 
last for 2 weeks or more before there is any evidence of improvement 
and if the animal survives recovery is apparently complete only after 
the lapse of several weeks. As much as 60-75% of the erythrocytes may 
be destroyed.
Peracute cases, with a sudden onset of high fever, anemia, rapid 
respiration, extensive salivation, irrational behavior and hyperexcit­
ability, often die within 24 hours.
Chronic anaplasmosis is manifested by a slow recovery from an
acute attack. This period of convalescence which is influenced by 
erythrocyte generation, recrudescence of infection, secondary compli­
cations, treatments given and compensatory weight gains, may last for 
several weeks up to a year or more.
Animals that survive the infection become carriers of the organ- -
ism for several years or for the life of the animal. The organism
could, however, be eliminated if tetracycline or chemotherapeutics 
were administered at the necessary levels (Alcorn 1933; Volkenburg
1939; Du Toit 1935; Schmidt 1937,1956; Dykstra et al 1948; Backstrom 
1957; Carricabura 1958; Crane 1959; U.S. Dept. Agriculture 1963, 1966; 
Ristic 1960, 1968, 1980, 1981; Marble and Veale 1968; Burkhardt 1971; 
McCallon 1976; Blood, Radostits and Henderson 1983).
Testicular degeneration and loss of libido in beef bulls experi­
mentally inoculated with blood from an Anaplasma marginale carrier 
animal has been reported by Swift, Reeves and Thomas (1979). Anestrus 
was demonstrated in heifers following experimental induction of ana­
plasmosis although normal cycling resumed upon treatment and recovery 
from the disease (Swift, Johnson and Thomas 1983).
In experimental studies Wilson and Trueman (1978) and Ajayi, 
Wilson and Campbell (1978) had found that the clinical signs of ana­
plasmosis were less severe in cattle placed on a low plane of nutri­
tion.
Serological tests presently being used for Anaplasma antibody 
detection include the complement fixation (CF) test (Hidalgo and 
Dimopoullos 1967 a,b; Martin and Ritchie 1973; Roby et al 1957; 
Franklin and Huff 1964); the modified rapid card agglutination (MRCA) 
test (Amerault and Roby 1976, 1977; Amerault, Rose and Roby 1972; 
Amerault et al 1980; Amerault, Rose and Kuttler 1981; Rose, Amerault 
and Roby 1974; Todorovic, Long and McCallon 1977; Madden and Kuttler
1980); the capillary tube agglutination (CTA) test (Ristic 1962;
Kuttler 1963; Welter 1962, 1964, 1967; Dimopoullos and Bedell 1974); 
the indirect hemagglutination (IHA) test (Wagner 1981); the indirect 
fluorescent antibody (IFA) test (Gonzalez, Long and Todorovic 1978; 
Goff and Winward 1983; Wilson et al 1978; Fox et al 1981; Lohr, Ross 
and Meyer 1973); the enzyme-linked immunosorbent assay (Thoen et al 
1980; Hall, Thoen and Blackburn 1983); and the latex agglutination
test (Montenegro et al 1981).
Recent reviews of the serological diagnosis of anaplasmosis have
been given by Kuttler (1975), Amerault (et al 1977) and Kuttler
(1981).
Immunity
Specific Humoral Immune Response 
Murphy, Osebold and Aalund (1966 a,b) had investigated the 
sequential appearance of immunoglobulin classes to the course of the 
infectious process of experimentally induced anaplasmosis. In cattle 
experimentally infected with Anaplasma marginale the CF antibody
activity resided exclusively with the immunoglobulin M class (IgM) for 
the first 4 or 5 days of antibody synthesis. At that time the earli­
est signs of parasitemia and impending hemolytic anemia were seen as 
the animals passed from the incubation phase to the patent phase of 
the disease. Analysis of immunoelectrophoretic patterns of serum 
during the acute phase of infection revealed a moderate hyperglobu- 
llnemia of the IgM class associated with CF and agglutinating antibody 
synthesis. Increased IgM concentration was first detected at the time 
of initial antibody synthesis and persisted until the CF antibody 
titer declined fourfold at the time of recovery from the patent phase 
of the disease, between days 42 and 50 post-infection.
Fast immunoglobulin G (IgG) CF reacting antibody appeared In the 
serum coincident with the beginning of the extensive accumulation of 
Anaplasma antigen in the peripheral blood during the patent phase. 
The fast IgG reached its maximum serum concentration at rates which 
differed from animal to animal, but In each case a rather stable 
proportional distribution of 25% fast IgG and 75% IgM was reached by 
approximately 30 days after the hemolytic crisis. This proportional 
distribution persisted for many months. The progression of aggluti­
nating antibodies from the IgM to IgG species occurred later as agglu­
tinins were detected in the fast IgG population by 18 months post­
infection. It was also found that the antibody transfer from maternal 
serum to calf serum via colostrum favored the fast IgG.
Klaus and Jones (1968) had compared the Immunoglubulin response 
In intact and splenectomized calves by quantitative radial immunodif­
fusion following infection with Anaplasma marginale. IgM levels 
increased about 7 days before the onset of patent Infection and
reached a peak of 200% above the preinfection level. In a few calves 
this raacroglobulinemla persisted for up to 88 days from the first day 
of patent infection. Concentration of IgG increased 11 days after the 
initial increase in IgM. The maximal IgG response only averaged 64% 
above preinfection means and the concentrations fell rapidly with a 
duration of 56 days from the first day of patent infection. In the 
splenectomized calves the time of onset of IgM and CF antibody 
response was significantly delayed. Some of these calves did synthe­
size appreciable amounts of IgM as a mean of 165% above preinfection 
levels was seen. The splenectomized calves died within 10 days from 
the first day of patent infection and precluded further IgM or IgG 
quantitative determinations.
Nonspecific Humoral Immune Response
In addition to specific immune responses directed at the 
Anaplasma organism, nonspecific antibodies, in particular autohema- 
glutinins and opsonins, are produced. The anemia of anaplasmosis has 
been associated with the attachment of autohemaglutinins to erythro­
cytes (Ristic 1961). Autohemaglutinins were demonstrated free in the 
serum by Mann and Ristic (1963 a,b). These autohemaglutinins were 
nonspecific in that they reacted with autologous, homologous and 
heterologous erythrocytes.
Schroeder and Ristic (1965 a,b) demonstrated the presence of 
opsonins in serum of Anaplasma infected cattle which sensitized normal 
autologous and heterologous erythrocytes to phagocytosis by cells of 
the reticulo-endothelial system. This was shown by an in vitro 
procedure.
Schroeder and Ristic (1968) found the highest opsonin titer in an 
Anaplasma-infeeted calf during the period of maximal anemia. The 
opsonic activity in the serum samples coincided with the erythrophago- 
cytic activity in the spleen and bone marrow and with the development 
and persistence of anemia. A similar temporal relationship of peak 
opsonic activity with the anemic crisis in anaplasmosis was found by 
Morris and Ristic (1970 a,b) and Morris, Ristic and Lykins (1971). 
These authors found opsonins which sensitized normal erythrocytes to 
phagocytosis by reticuloendothelial cells in both serum and eluted 
from erythrocytes. The opsonins had been detected in the erythrocytic 
eluate before detection in the serum and the opsonins were detected 
before the appearance of parasites in the peripheral blood and the 
onset of anemia. Cox and Dimopoullos (1972) demonstrated an in vivo 
autoantibody-erythrocyte complex in Anaplasma-infeeted calves. In 
calves having the most severe anemia, the concentrations of autoanti­
bodies appeared to be the greatest.
In addition to the autohemaglutinins and opsonins detected in the 
infected animal, other immunoglobulins were shown to be anti-nuclear 
(anti-DNP), anti-cardiolipin and anti-human IgG (Ristic 1977).
Cell Mediated Immunity (CMI)
The cellular response to anaplasmosis infection consists of 
proliferation and hypertrophy of splenic cord macrophages, Kupffer's 
cells of the liver and reticuloendothelial cells of the bone marrow 
(Ristic and Sippel 1958). The activation of these macrophages may 
have been due to the release of lymphokines from sensitized T lympho­
cytes. Buening (1973a,b; 1976) developed a leukocyte migration-
inhibition test (LMIT) as an in vitro measure of CMI in experimentally 
induced anaplasmosis. In splenectomized calves, a high level of CMI 
was detected after infection and persisted which was related to the 
incidence of recrudescence in these calves. In the carrier splenecto­
mized calf, CMI was consistently high and marginal Anaplasma bodies 
were occasionally detected in the peripheral blood. It was suggested 
that the large amounts and the constant supply of antigen in this 
carrier calf would continuously stimulate the CMI system. The CMI 
response of the intact calves following infection was less and this 
probably related to lower levels of antigen present. Inoculation of 
killed Anaplasma antigen induced only a low level of CMI of short 
duration and did not prevent infection when the calves were chal­
lenged. The CMI occurred after CF antibody was first detected and was 
not related to the antibody level.
Further studies to portray the CMI response in cattle following 
inoculation with virulent, attenuated and Inactivated Anaplasma 
marginale were conducted (Carson, Sells and Ristic 1976a,b, 1977; 
Carson and Ristic 1977; Carson, Ristic and Lee 1978; Carson and 
Bu'enlng 1979; Carson, Kakoma and Ristic 1980). The LMIT response 
Increased above background levels about four weeks after infection 
with virulent Anaplasma marginale, remained elevated for one to four 
months and then gradually declined over the remainder of the nine- 
month observation period. The CTA test became positive 3-4 weeks 
after infection. Acute clinical signs of anaplasmosis were concurrent 
with evidence of parasitemia and decreased hematocrit. These cattle 
were strongly immune to subsequent challenge with virulent organisms. 
Cattle which responded to virulent organism with a detectable increase
in LMIT level prior to the onset of hematologic and clinical signs 
usually showed relatively mild acute disease and readily recovered 
from initial exposure. Conversely, cattle which did not show this 
early evidence of cellular response often became severely ill and 
died.
Carson, Sells and Ristic (1976a) speculated that initial exposure 
of cattle to replicating Anaplasma marginale presents the host reticu­
loendothelial system with sufficient initial antigenic stimulus to 
induce a cell-mediated response which may serve as the protective 
immune mechanism along with the humoral response. The antibody may 
serve an opsonic function for the phagocytosis of parasitized erythro­
cytes by macrophages which have been influenced by lymphokines releas­
ed from sensitized lymphocytes. The carrier state of the infection 
allows for continuous antigenic stimulation of memory T lymphocytes. 
Premunition with virulent Anaplasma marginale or Anaplasma centrale 
has been used for many years to provide this carrier status.
Sterile Immunity
Active
Vaccination of cattle against anaplasmosis using a killed organ­
ism vaccine has been investigated and reported (Pearson, Kliewer and 
Brock 1963; Brock, Kleiwer and Pearson 1965; Ristic 1968; McHardy and 
Simpson 1973; Buening 1978; Banerjee et al 1978; Buening and Maas
1981). Only a transient and low level LMIT response was detected 
after cattle received two inoculations of commercially available 
killed vaccinea in adjuvant. The CTA test became positive 2-4 weeks 
after the first injection but no parasitemia, hematocrit change or
clinical signs occurred. The vaccinated cattle were protected against 
development of a high post challenge parasitemia but anemia and conco­
mitant signs of clinical disease followed (Carson, Sells and Ristic 
1976a, 1977a; Carson and Ristic 1977; Ristic 1977; Carson and Buening 
1979).
The cutaneous hypersensitivity and isoantibody production in cat­
tle that had been vaccinated with a killed vaccine was determined by 
intradermal skin tests using antigen prepared from normal and Anaplas­
ma infected bovine and ovine erythrocytes. Cattle which had received 
killed organism in bovine erythrocytes were sensitive to bovine and 
ovine erythrocyte antigen but animals vaccinated with killed Anaplasma 
in ovine erythrocytes were sensitive only to ovine erythrocytes. Hem- 
aglutination and hemaglutination lysis tests using normal ovine and 
bovine erythrocytes indicated there was a strong antibody response to 
bovine erythrocytes which resulted from the use of killed organism 
vaccine of bovine origin. Little or no antibody against bovine eryth­
rocytes was detected in cattle which received the ovine origin killed 
vaccine (Carson, Sells and Ristic 1976b; Carson and Buening 1979). 
The killed Anaplasma vaccine had in the past induced a problem of neo­
natal isoerythrolysis in calves that nursed colostrum of previously 
vaccinated dams (Dennis et al 1970; Wilson and Trace 1971; Wilson 
1975; Searl 1980). For this reason recommendations for use of commer­
cial vaccine in herds have been changed to vaccination of cows only 
when open and after the primary series of two inoculations, a booster 
to be given the next year and then every two years. As well, donor 
animals for vaccine production have been selected to eliminate certain
blood group antigens which were common in the population of animals 
being vaccinated.
To circumvent isoantibody production, Hart (et al 1981) had pre­
pared an inactivated vaccine devoid of host cell antigen and it was 
shown able to lessen the severity of challenge infection in vaccinated 
calves. Antigenically modified killed vaccine using dodecanoic acid 
when used gave reduced isoantibody titers. The CMI as measured by the 
lymphocyte transformation test was not drastically reduced, however, 
the CF test Anaplasma antibody was not induced by this modified anti­
gen (Buening 1978; Buening and Maas 1981; Francis, Buening and 
Amerault 1980).
Concerning anti-Anaplasma humoral antibody induced by vaccination 
with the inactivated commercial vaccine, Luther, Cox and Nelson (1980) 
found detectable titers by the CF and MRCA tests in serum of cattle 
vaccinated at least 15 months previous. Richey and Kliewer (1981a) 
detected positive and suspicious CF titers in serum of cattle that had 
received a single booster vaccination two years previous (the booster 
was given 12 months after the primary vaccination of two inoculations 
of the commercial vaccine). Thirty months after the booster the cows 
challenged with carrier blood were able to resist clinical signs of 
acute anaplasmosis compared to non-titered and non-vaccinated cows.
Ristic (1968) was unable to induce clinically useful Immune 
responses in susceptible mature cattle with any killed vaccine. 
Various Anaplasma antigen preparations inactivated by one of three 
different treatments were used. The only difference found between
aAnaplaz, Fort Dodge Laboratories, Fort Dodge, Iowa.
nonvaccinated control animals and animals vaccinated with certain 
killed Anaplasma antigens was that vaccinated animals showed a parasi­
temia between 60 and 80% of that present in nonvaccinated animals 
after challenge. Banerjee (et al 1978) on the other hand found a 
killed vaccine yielded encouraging results with a parasitemia being 
seen in only a few animals and changes in the packed cell volume not 
of any significance following challenge.
Passive
Serum of calves born to Ana plasma infected cows was found sero­
logically positive for CF or CTA antibodies. Calves with titers, how­
ever, were as susceptible to challenge infection as were calves born 
to Anaplasma-free cows (Kuttler, Marble and Mathews 1962; Kuttler 
1963; Ross and Lohr 1970). Zaugg and Kuttler (1984) found that in 
neonate progeny born to Anaplasma-infected cows, after splenectomy and 
challenge with carrier blood, the prepatent period was lengthened and 
the anemia and climax of parasitemia delayed as compared to calves 
born to Anaplasma free cows. Rlstic (1968) reported that passive 
transfusions of sera obtained from animals recovering from acute 
infections of anaplasmosis did not alter the appearance of anemia and 
clinical signs of cattle subsequently infected and previously 
infected.
Non-Sterile Immunity
Active Anaplasma marginale are known to induce both a humoral and 
cell-mediated immune response. The induction of an immune response is 
essential for the host’s survival and hence provides for continuous
survival and transmission of the parasite. This state of biological 
host-parasite balance has been described as a tolerant symbiosis which 
allows the parasite to persist and, in exchange, the host develops 
lasting protection against homologous organisms in the environment 
(Ristic 1977).
The inoculation of cattle with virulent Anaplasma marginale (pre- 
munization) has been used to establish this infectious immunity 
(Franklin and Huff 1967; Kuttler and Todorovic 1973; Todorovic and 
Tellez 1975; Todorovic, Gonzalez and Adams 1975; Kuttler and Johnson 
1977). Premunization with living Anaplasma centrals is used extensi­
vely in Australia. Infection with this organism causes a mild, inap- 
parent disease reaction but occasionally in some animals a severe 
reaction occurs (Legg 1936; Zaraza and Kuttler 1971; Kuttler 1967, 
1972; Callow 1976; Wilson, Parker and Trueman 1980b; Blood, Radostits 
and Henderson 1983; McHardy 1984).
Use of an attenuated Anaplasma marginale vaccine has induced 
immune responses in cattle that are protective against challenge with 
virulent organism (Ristic, Sibinovic and Welter 1969; Taylor 1969; 
Lora and Kocchlin 1969; Carson, Adams and Todorovic 1970; Ristic and 
Nyindo 1973; Osorno, Solano and Ristic 1973; Osorno et al 1975; 
Carson, Sells and Ristic 1976a, 1977a,b; Ristic and Carson 1977a,b, 
1978; Vizcaino et al 1978, 1980; Carson and Buening 1979; Corrier et 
al 1980; Henry et al 1983).
Carson, Sells and Ristic (1977a,b) found the LMIT became positive 
about three weeks after inoculation of attenuated organism into 
cattle. The CTA became positive after 3-4 weeks and there were no 
clinical signs, low levels of parasitemia and only a mild hematocrit
reduction observed. Animals in this group were immune to challenge
but some evidence of parasitemia developed after challenge.
Resistance After Sterilization of Infection 
Roby (et al 1974) had shown that Anaplasma carriers which were 
freed of virulent infection by Imidocarb chemotherapy demonstrated
considerable resistance to challenge 12 months after sterilization. 
Following tetracycline treatment, chronically infected cattle were 
shown to possess resistance to reinfection for up to three months
(Carson, Sells and Ristic 1976a, 1977b).
Ristic and Carson (1978) chemosterilized with oxytetracycline two
4-year-old cows which were previously vaccinated with an attenuated 
vaccine and subsequently resisted challenge of the virulent organism. 
Subinoculation into splenectomized calves failed to produce an infec­
tion in the recipient calves. Approximately 10 weeks after treatment, 
the cows were rechallenged with virulent organism. A prompt LMIT
response was noted after the challenge and the animals demonstrated 
full clinical resistance.
Eckblad and Magonigle (1983) observed CMI using the LMIT in cows 
that had been cleared of the carrier state by antibiotic therapy 28 
months earlier. The cows, however, were unable to resist infection 
and became carriers.
Other studies have looked at the resistance to challenge reinfec­
tion and persistence of CTA and CF antibody following clearance of 
infection by antibiotics or chemotherapy (Jatkar et al 1966; Renshaw 
et al 1977; Richey et al 1977a).
Innate Species Resistance
Anaplasma marginale is an organism causing the clinical disease 
anaplasmosis primarily in cattle. The organism is able to infect 
sheep, goats and wild ruminants, generally without clinical manifes­
tations. The African buffalo, according to Ristic and Kreier (1984), 
is refractory to infection, however, Carmichael and Hobday (1975) had 
found Anaplasma marginale present in 28.4% of 190 African buffalo In 
Botswana. Natural infection has been detected in the African giant 
rat in Nigeria (Dipeolu, Akinboade and Adetunji 1981). Other animals 
such as the rabbit possess innate species resistance and will not 
become Infected when inoculated with the organism.
Age Resistance
The Innate resistance of young cattle was evaluated by Jones (et 
al 1968a). Experimental infection was induced in 23 three to five 
month old calves, nine 1.5-2 year old heifers, ten 2-2.5 year old 
steers and five aged cows greater than 12 years of age. The intensity 
of the resulting anemia, the parasitemia and the duration of parasi­
temia increased over the age groups of calves to aged cows. Four to 
ten days after the onset of patent disease, reticulocytosls and macro- 
cytemla developed with an intensity of response directly related to 
the degree of anemia. Recrudescent parasitemia occurred in the cows
5-6 weeks and 10-12 weeks after the onset of patent disease; recrudes­
cence was not seen in the young animals during the observation period. 
CF antibodies were detected before the onset of parasitemia and were 
seen a few days earlier in the young cattle versus the cows. The cows
nevertheless produced the highest serological titers which appeared 
directly related to the intensity of the parasitemia.
These same authors evaluated the relationship of this innate 
resistance of young cattle to splenic function. Four groups of calves 
comprising six infected intact calves, six anaplasmosis carrier calves 
subsequently splenectomized, six splenectomized calves subsequently 
infected and five sham-operated anaplasmosis-carrier calves were used. 
Infection was intense in the intact calves and most severe in the 
calves after splenectomy. During the period of increasing anemia, a 
discrepancy between the red blood cells destroyed and those infected 
was observed in the intact calves. This discrepancy appeared to be a 
manifestation of disease resistance and it was not entirely abolished 
by splenectomy of the premunized calves. The sham-operated anaplas­
mosis-carrier calves did not develop patent disease. The increased 
disease intensity in the splenectomized calves was accompanied by a 
significant delay of the immunologic response, CF antibody and IgM 
(Jones et al 1968b).
Jones and Brock (1971) suggested that in view of the age and 
splenectomy related changes, the increased disease intensity in older 
cattle resulted from splenic atrophy with consequent decreased sensi­
tivity to parasitic antigen and impaired phagocytosis of Anaplasma 
organisms. Ristic (1980) had advanced a number of hypotheses to 
explain this resistance to anaplasmosis in young animals. The hypo­
theses included a more prompt immune response in young cattle, thymus 
function, particularly as it is related to cell-mediated immunity, 
vigorous erythropoietic bone marrow activity, the protective role of
fetal hemoglobin, and the enzyme systems, cationic compositions and 
membrane structures of fetal hemoglobin containing erythrocytes.
In the north coast area of Colombia a study was conducted to 
determine the age at which indigenous calves first became infected 
with anaplasmosis. Thirty pregnant cows were selected on each of four 
ranches in the anaplasmosis enzootic area and 83% of the 120 cows were 
positive to the CF test. Of 112 live calves produced, all became 
infected with Anaplasma marginale from 4-24 weeks of age. A signifi­
cant decrease occurred in the mean packed cell volumes of the calves 
following infection, however, the volumes returned to preinfection 
levels within four weeks. Only two of the calves appeared weak and 
had packed cell volumes of 11 and 14% accompanied by parasitemia of 
3-5%. The authors suggested that the high reactor rate in the dams 
and the early ages when first infected indicated that colostral anti­
bodies and/or natural resistance associated with young age were 
responsible for the absence of clinical signs in the majority of 
calves (Corrier and Guzman 1977).
The severity and economic importance of anaplasmosis and/or babe­
siosis of calves under one year of age in Colombia were portrayed by 
Thompson et al (1978) and Thompson, Todorovic and Mateus (1978). Four 
groups of 30 day old Criollo beef calves were observed for a 308 day 
period. The treatments for the groups were immunization with virulent 
Anaplasma marginale and two species of Babesia with subsequent post­
immunization treatment, chemo-prophylaxis against hemoparasites, tick 
and gastrointestinal parasitic control alone and a control group which 
provided no control of hemoparasites, tick or gastrointestinal para­
sites. The immunization and chemoprophylaxis against hemoparasites
revealed advantages over the other two groups in regards to weight 
gain and reduction of death loss. Weight gain differed statistically 
in the three treatment groups in comparison to the control group.
In El Salvador Payne and Scott (1982) set out to determine the 
age and response of calves when initially Infected with blood para­
sites. Anaplasma marginale parasites were seen in blood smears of 26, 
35 and 35 of 50 calves at three, seven and 12 months of age, respec­
tively. Serologically, 36, 45 and 50 calves tested positive to the 
MRCA test at the three ages. Clinical signs had been seen in some 
calves but none required treatment. This innate resistance, however, 
was seen overcome in field outbreaks in calves under three months of 
age. Poor nutrition and concurrent disease were implicated. Clinical 
outbreaks were also evidenced in eight to twelve month old dairy 
calves that had been placed for the first time on pasture and subjec­
ted to tick challenge.
The epizootiology of anaplasmosis in Queensland, Australia invol­
ved clinical outbreaks in calves. Analysis of 277 outbreaks over the 
period 1967-78 • revealed that 6.9, 37.9 and 55.2% of the outbreaks 
occurred in cattle under one year of age, cattle one to three years of 
age and cattle over three years of age, respectively (Rogers and
Shiels 1979).
The studies in Colombia, El Salvador and Queensland portrayed
that in anaplasmosis enzootic areas where Boophilus spp. are the
primary vectors, age resistance and any resistance to infection is 
more often overcome, with clinical disease manifested. Nutritional 
deficiencies, concurrent disease and heavy tick infestation of calves 
probably debilitates such Innate resistance. Hence, countries in
which the Boophilus spp. of ticks are present such as those in Central 
America, the Caribbean, northern and eastern areas of South America, 
eastern areas of Africa, Madagascar, the Indian and Indo-Chinese 
peninsulas and Australasia (Bram 1975), will evidence anaplasmosis in 
calves with greater frequency than elsewhere.
Breed Resistance
In Jamaica Arnold (1948) reported no observable breed differences 
between imported Brahman cattle from the southern USA and imported 
European breeds as far as severity of attacks of anaplasmosis (as 
judged by general systemic signs, hemoglobin levels and parasite 
counts). In Queensland over the period 1967-1978, 273 outbreaks of 
anaplasmosis in which the breeds of cattle involved were known 
revealed that 134 outbreaks occurred in dairy animals and 139 in beef 
breeds (the ratio of dairy to beef animals was 1:7). The distribution 
of outbreaks among the dairy breeds reflected the proportions of the 
individual breeds within the population. With the beef breeds the 
Brahman cross animals comprised over half the population yet were 
involved in only 7.9% of the outbreaks in comparison to Herefords 
which were involved in 61.9% of the cases. It was speculated that the 
greater susceptibility of Herefords and Bos taurus breeds in general 
to Boophilus microplus was responsible for showing the majority 
involvement in in the anaplasmosis outbreaks (Rogers and Shiels 
1979).
A few experimental studies have been conducted to Investigate 
breed susceptibility. For the most part though, the experiments have 
been comparisons between Bos taurus and Bos indicus cattle in regards
to clinical disease. Wilson, Parker and Trueman (1980a) experimental­
ly infected with Anaplasma marginale organisms 8 Hereford and 18 
Brahman-cross 27 month old animals and 8 Shorthorn and 18 Brahman- 
cross 48 month old animals. No differences were seen in mean parasi­
temia, body weight, PCV or humoral antibody among any of the groups.
Otim, Wilson and Campbell (1980) compared the susceptibility of 8 
Hereford and 10 Brahman-cross cows all aged approximately 48 months to 
experimental Anaplasma marginale infection. There were no statistical 
differences between the two groups in regards to maximal mean body 
weight loss, maximum parasitemia, fall in PCV, total erythrocyte 
count, hemoglobin content, erythrocyte sedimentation rate, reticulocy- 
tosis, level of humoral response, serum glutamic oxaloacetic transami­
nase and serum glutamine pyruvate traminase levels. There were signi­
ficant differences statistically only in regards to total leucocyte 
counts. Hence, in this study there were only minor differences in 
reaction of Bos indicus and Bos taurus animals to Anaplasma marginale 
infection.
Nine 27-month old and 9 48-month old Bos taurus animals were 
compared with 18 27-month old and 18 48-month old Bos indicus animals 
(50-75% Brahman component) in the development of anaplasmosis by 
humoral antibody response following experimental infection. No signi­
ficant statistical differences were observed (Wilson 1979).
Lohr, Otieno and Gacanga (1975) experimentally infected with 
Anaplasma marginale 14 Boran calves which were about 6 months of age 
and 20 Ayrshire cattle 18-24 months of age. The reactions to infec­
tion were 18 Ayrshires that required treatment and one Boran death 
(untreated). The average fall of PCV and the average temperature were
56% and 39.4°C in the Boran group and 65% and 40.1°C in the Ayrshire 
group. The average prepatent period was 2 days shorter in the Boran 
group. Wilson, Parker and Trueman (1980) commented that the findings 
of Lohr, Otieno and Gacanga (1975) were probably more related to age 
differences than breed differences between the groups of Boran and 
Ayrshire cattle.
Apart from breed susceptibility to clinical anaplasmosis, little 
has been reported on the prevalence rates found among different 
breeds.- In Louisiana a prevalence survey of 11,085 serum samples 
tested for antibodies by the IF A test, revealed the highest prevalence 
rate to occur among Angus and Angus cross cattle at 20.3% followed by 
the Hereford and Hereford cross cattle which had a prevalence of 
Anaplasma antibodies of 11.4% (Chapter III). A somewhat increased 
prevalence rate among Angus cattle was also found in Northern Califor­
nia. Utterback, Stewart and Franti (1972) had found the highest 
proportions of positives among specified breed groups, in descending 
order, black white face, Angus, Hereford, Charolais, mixed breed, 
Shorthorn, and Holstein of 9653 cattle tested for CF Anaplasma anti­
bodies. Whether such an increased prevalence among Angus and Angus 
cross cattle does exist as found in the serological surveys of Louisi­
ana and California, it would require a study specifically designed to 
address that hypothesis.
Interference by Other Blood Parasites
Development of anaplasmosis in splenectomized calves has been 
shown to be suppressed temporarily or indefinitely by eperythrozoono-
sis when the latter infection was established first (Foote et al 1957; 
Hadani et al 1982).
Illemobade (1981) suggested that Theileria mutans was a possible 
cause of the breakdown of premunity to anaplasmosis.
Recrudescence
Recrudescent episodes were seen in splenectomized and non- splen— 
ectomized calves, beginning 30-45 days and 100 days, respectively, 
after recovery from inoculation with blood from carrier calves. 
Subsequent recrudescences in the splenectomized calves were mild in 
comparison to the first episodes and in the intact calves were even 
difficult to. detect. The author suggested that since the recrudescent 
episodes occurred in all the calves of each group at approximately the 
same time, factors such as weather changes, biting flies, weekly blood 
collections, monthly deworming and diet changes may have contributed 
to the recrudescence. The recrudescent parasitemias were accompanied 
by an anamnestic response in both IgM and IgG fractions (Wagner 1981). 
Immunosuppression with cyclophosphamide has been shown to induce 
recrudescence (Corrier, Wagner and Adams 1981).
It is probable that recrudescence in carrier animals provides 
increased stimulation of memory T lymphocytes and production of 
humoral antibody and hence magnifies the protective response. In 
cases where the induced recrudescence supplies the animal's body with 
a level of parasitemia that the protective mechanisms cannot neutral­
ize, clinical anaplasmosis occurs.
Distribution of Anaplasmosis
Anaplasmosis is distributed throughout the tropical and semitrop- 
ical areas of the world, primarily influenced by the presence of a 
suitable vector. Its distribution extends into temperate areas usual­
ly as a result of importations of infected cattle.
In North, Central and South America the disease is found in most 
of the 50 states of the USA (enzootically in the southern and western 
states), all of Central America, most of the Caribbean islands, 
Brazil, Ecuador, French Guiana, Guyana, Paraguay, Suriname, Venezuela, 
and regions of Argentina, Bolivia, Colombia, Peru and Uruguay. The 
Bahamas, Bermuda, Chile and the Falkland Islands are free of the 
disease. Canada is essentially free except for outbreaks subsequent 
to importations of infected cattle (Kouba 1984; Bundza and Samagh 
1982; Boulanger et al 1966).
In Africa the disease has been reported in Angola, Botswana, 
Burundi, Central African Republic, Congo, Egypt, Ethiopia, Gambia, 
Ghana, Guinea (Bissau), Ivory Coast, Kenya, Lesotho, Liberia, Madagas­
car, Malawi, Mauritania, Morocco, Mozambique, Rwanda, South Africa, 
Sudan, Swaziland, Tanzania, Tunisia, Uganda, Upper Volta, Zaire, 
Zambia and Zimbabwe. Anaplasmosis is not known to exist in Algeria, 
Benin, Cape Verde, Chad, Djibouti, Equatorial Guinea, Gabon, Guinea, 
Libya, Mali, Niger, Senegal, Sierra Leone and Togo (Kouba 1984; Inter- 
african Bureau of Animal Resources 1981, 1982, 1983).
Countries in Eurasia that report the disease are Albania, 
Bulgaria, Greece, Japan, regions of Portugal, regions of Spain, Turkey 
and the USSR. In the Near and Middle East, Iran, Iraq, Israel,
Lebanon, Oman, Saudi Arabia and the United Arab Emirates report the 
existence of anaplasmosis.
Countries in Australasia, the Indian Ocean and the Indian and 
Indochinese Peninsulas that report anaplasmosis include Australia 
(Queensland), Bhutan, Brunei, Burma, Comores, East Timor, Hong Kong, 
India, Indonesia, Malaysia, Mauritius, Papua New Guinea, Philippines, 
Seychelles, South Korea, Sri Lanka, Reunion, Thailand and Vietnam 
(Kouba 1984).
Recent Epidemiological Studies - Africa 
Botswana
The only species of Anaplasma recognized in bovine blood films in 
Botswana was Anaplasma marginale. A prevalence survey of Anaplasma 
antibodies found 19.9% of 465 serum samples positive by the MRCA test. 
The serum samples had been collected from several locations, about ten 
cattle at each location (Paine 1983). In an earlier study Mehlitz and 
Ehret (1974) using the CTA test had found 86.1% of 1018 serum samples 
tested to be positive In cattle blood-sampled in Botswana.
Burundi
Young calves under 10 months of age were found to have Anaplasma 
marginale organisms present on blood smears collected from calves in 
13 regions of Burundi. Of 157 calves examined, Anaplasma marginale 
was observed in 5-44% of the calves from the different regions 
(Schlichting et al 1983).
Ghana
Assoku (1979) reported on blood smear examinations of 318 cattle, 
200 sheep and 169 goats of southern Ghana and found Anaplasma 
marginale organisms In the blood films of 7.9, 12.0 and 4.7% of the 
respective species. Anaplasma centrale was found In the three species 
to a lesser extent.
Kenya
During 1975 a serological survey for anaplasmosis was conducted 
In the Western Kiambu District of Kenya. Of 159 serum samples 
collected from cattle of small-holders, 53 or 34% were reactors to the 
MRCA test. No positive reactions were detected In 81 serum samples 
that had been collected from a university herd where external parasite 
control was diligently applied (Thedford and Cook 1976).
Morocco, Cameroon, Zaire
A serological survey of Anaplasma marginale antibody prevalence 
was conducted in 582 cattle from various areas in Morocco, in trans- 
humant herds of North Cameroon and in southeastern Zaire. The preva­
lence rates as determined by the MRCA test were 22.2, 9.0 and 37.8% 
for the three regions, respectively. Prevalence appeared to be higher 
in cattle kept under extensive breeding systems in Morocco and Zaire. 
The low prevalence in North Cameroon was postulated to result from the 
tick resistant cattle that were blood-sampled and the dry biotype 
where the cattle existed (Pandey and Verhulst 1976; Verhultst et al 
1983).
Nigeria
Dipeolu (1975) using stained blood smear examination had found 
17.7% of 1175 cattle slaughtered at selected abattoirs in Nigeria to 
be positive for Anaplasma marginale bodies. In 1977 Obi (1978) evalu­
ated 573 serum samples for anaplasmosis. The sera had been obtained 
from Zebu cattle brought to slaughter from northern parts of Nigeria. 
Thirty-four percent of the samples were found positive. During 1979- 
80 1200 stained blood smears obtained from trade cattle were examined 
for blood parasites. Only 8.9% of the slides showed evidence of 
Anaplasma marginale and 0.75% of Anaplasma centrale. A random sample 
of 200 serum samples was selected and tested for Anaplasma antibodies 
by the IFA test. Sixty-eight percent were positive and these had 
titers of greater than 1:640 (Akinboade and Dipeolu 1984).
South Africa
In South Africa the distribution of Boophilus decoloratus and 
Boophilus microplus has indicated the enzootic and epizootic areas of 
anaplasmosis. However, some other tick species that occur in epizo­
otic areas from which the Boophilus ticks are absent may play a role 
in disease transmission. The enzootic areas included the Transvaal 
(except the far western part), Natal, North-eastern Orange Free State, 
South-eastern Cape and southern Cape coastal belt. The epizootic 
areas were the Western Transvaal, North-eastern Cape, eastern parts of 
the Karoo, and the central and western Orange Free State (Potgieter
1979).
Zimbabwe
Serum samples were collected in 1980-81 from 30 cattle one to 
three years of age from each of, 118 localities throughout Zimbabwe. 
The localities were made up of 63 in communal farming areas and 55 on 
commercial farms. In both the communal areas and the commercial 
farms, the percentage of positive reactors at most of the localities 
ranged from 51-75%. The CTA test using Anaplasma marginale antigen 
was the serological test used. Anaplasmosis was not reported to be a 
serious problem at any of the localities sampled and there was no 
apparent relationship between the frequency of occurrence of positive 
serological reactors and the incidence of clinical disease. The 
prevalence of Anaplasma antibodies was not greatly reduced by short- 
interval dipping vector control done on commercial properties as was 
seen with the prevalence of Babesia bigemina antibodies (Norval 1979; 
Norval et al 1984).
Recent Epidemiological Studies - Australia
A total of 402 outbreaks (an outbreak was defined as the situa­
tion in which one or more animals developed clinical disease) of 
anaplasmosis occurred in Queensland, Australia over the period 1967 to 
1978. Forty-two and 36 percent of these outbreaks occurred during 
autumn and winter, respectively, associated with the maximum popula­
tion of Boophilus microplus during autumn and the pre-patent period 
following tick transmission. In analysis of 277 of the outbreaks 
where the age of cattle was known, 6.9% were less than one year of 
age, 37.9% were one to three years old, and 55.2% were greater than 
three years of age. Of 259 outbreaks, 79.5% affected female cattle.
Dairy breeds were involved in 134 cases and beef breeds in 139 cases 
of 273 outbreaks despite the ratio of dairy to beef cattle of 1:7. 
The Australian Illawarra Shorthorn was involved in 37.3% of the dairy 
cattle outbreaks. The distribution among dairy breeds reflected the 
relative proportions of the individual breeds within the dairy popula­
tion. This did not hold true for the beef breeds as Brahman cross
cattle were involved in 7.9% of the beef outbreaks yet comprised over 
half the beef cattle population. Herefords were involved in 61.9% of 
the beef outbreaks and the susceptibility of the Hereford and other 
Bos taurus cattle to Boophilus microplus was suggested as the reason
for the greater occurrence of these breeds in the outbreaks. The
incidence of clinical cases in Boophilus microplus infested areas of 
Queensland was .027% in the area north of latitude 22°S, .047% in the 
area between latitudes 22 and 25 °S and 0.154% in the area south of 
latitude 25°S. No clinical cases have been recorded from tick-free 
areas of Queensland. Prevalence of CF antibodies for the three areas 
from north to south were determined to be 47.2, 52.3 and 30.2%,
respectively. This showed a trend of rising prevalence south to north 
and it was suggested that the falling trend in incidence rates from 
south to north was associated with increased exposure of young natur­
ally resistant animals. The prevalence was significantly greater in 
Bos taurus than Bos indicus cattle, and increased significantly with 
age, stocking density and tick infestation. This report by Rogers and 
Shiels (1979) was inclusive for the most part of information previous­
ly reported for northern Queensland by Rogers (1971a,b) and for 
southern Queensland by Rogers, Blight and Knott (1978) and Copeman, 
Trueman and Hall (1978).
Natural infection of Bos indicus cross calves with Anaplasma 
marginale was studied in two anaplasmosis enzootic areas of tropical 
north Queensland. The calves were blood-sampled shortly after birth 
and periodically for approximately one year. The cumulative percen­
tage of CF test positive reactions ranged from 45.9% to 90.6%. The 
calves seroconverted at an early age despite pasture rotation and 
dipping for the control of the Boophilus microplus tick. The highest 
and most rapid conversion rate occurred in the calves after the wet 
season (March-May). Calves born in spring and summer (November- 
January), it was suggested, were probably subjected to greater chal­
lenge by infected ticks following the wet season than the calves born 
in the autumn (April-May) and winter. CF antibodies persisted for 60 
to 100 days and for at least 160 days in a few calves. There had been 
some evidence of maternal antibodies present in calves blood sampled 
within 21 days of birth. In one of the areas eight of 38 serological 
negative dams gave birth to serologically positive calves (Pauli et al
1980). These findings were reported again by Kudamba (et al 1982) but 
included a group of Bos indicus cows and their offspring in a third 
endemic area of north Queensland. The prevalence of anaplasmosis in 
these cattle was very low, probably related to the fact that the
cattle had been received from a tick-free farm in northwestern Queens­
land in 1978, not many months before the blood sampling for prevalence 
determinations began.
In contrast to one of the findings in the above studies,
Johnston, Haydock and Leatch (1981) did find that pasture spelling
plus dipping for the control of Boophilus microplus in Queensland
interfered with the transmission of anaplasmosis.
Recent Epidemiological Studies - Central America
El Salvador
In El Salvador Payne and Scott (1982) reported 78.5% positive 
reactions to the MRCA test of 1500 serum samples collected from herds 
from all areas, especially areas of high cattle population. Calves on 
four farms were examined monthly from one to 12 months of age for 
Anaplasma parasitemia and reaction to the MRCA test. By three months 
of age 26 of a total of 50 calves revealed parasitemia and 36 calves 
were serologically positive. By 12 months of age, 35 calves were 
showing parasitemia and all 50 calves were serologically positive. In 
18 outbreaks of anaplasmosis observed over a 15 month period the situ­
ations primarily involved young dairy calves being fed concentrates 
and powdered milk of doubtful quality and calves on dairy farms which 
were placed for the first time on tick-infested pastures at 8-12 
months of age. Other outbreaks were seen in cattle imported from 
anaplasmosis-free areas and on farms where tick control measures had 
relaxed. Boophilus microplus was the predominant cattle tick.
Mexico
Lopez Sanchez (1982) found the prevalence of Anaplasma antibodies 
in 250 Zebu cattle on five premises in Villa Comaltitlan, Chiapas 
State, Mexico to be 33.6% by the CF test. Lopez Sanchez, Fajardo and 
Canto Alarcon (1983) found the anaplasmosis prevalence in 889 Zebu and 
cross- bred cattle on 11 ranches in the Flaya Vicente district of 
Veracruz, Mexico to be 35.4% by the CF test.
Recent Epidemiological Studies - South America
Bolivia
Nicholls, Ibata and Rodas (1980) collected serum samples from 
dairy cattle on 15 farms situated near Santa Cruz and 10 farms from 
the San Javier area of Bolivia. From the Santa Cruz locations 134 
calves under a year of age revealed 87% Anaplasma antibody positive, 
138 cattle one to three years of age were 91% positive and 149 cattle 
greater than three years of age were 82% positive. From the San 
Javier area the percent positives were higher, 97% of 100, 99% of 100 
and 98% of 100 cattle for each of the three age groups. The IFA test 
was used for the Anaplasma antibody detection.
Brazil
Madruga, Aycardi and Putt (1983) looked at the prevalence of 
anaplasmosis on 62 farms in Matto Grosso do Sul State of Brazil in 
1976. Of 667 serum samples collected from Zebu cows aged three to 10 
years, 53, or 8%, of the cows on 25 farms were positive to the CF test 
for Anaplasma antibodies.
Colombia
The prevalence of Anaplasma antibodies was surveyed by the use of 
the CF test on serum samples collected from cattle located in the 
Eastern Plains, North Coast and the Cauca Valley of Colombia. The 
Eastern Plains study area included three zones, the piedmont with an 
elevation of 350-600 m, the serrania zone with an elevation of 250-400 
m and the savannah zone with an elevation of 150-250 m. The climate
is tropical and the predominant cattle breeds were Zebu, Criollo cat­
tle of Spanish descent and crosses of these two breeds. The North 
Coast study area had elevations from sea level to a few hundred meters 
and a tropical climate. The predominant cattle breeds were as in the 
Eastern Plains and with Holstein and other breeds. The Cauca Valley, 
study area elevation was approximately 900-1500 m. In the Eastern 
Plains from 37 beef ranches comprising 22,626 cattle, 3034 serum 
samples were tested and 75% were found positive for Anaplasma antibo­
dies. Reactors were present in all herds, with 18 herds having 75% or 
more reactors and 19 herds having 48-74% reactors. Calves between one 
and three months of age tested 81/166 or 49% positive, while calves 
between four and six months of age tested 203/248 or 82% positive.
A study questionnaire designed to obtain information on herd 
history, herd management, animal health practices and the occurrence 
of various cattle diseases was completed for each herd. There was a 
low number of reported clinical cases for the previous year suggesting 
that infection at a young age and re-exposure precludes most animals 
from becoming fully susceptible. There did appear to be a statistical 
relationship between prevalence and the number of vaccinations per 
animal per year. Secadera was most frequently reported as the major 
single disease problem. The secadera syndrome which occurred most 
frequently during the dry season was characterized by cachexia, emaci­
ation and anemia. This not-well-defined disease was believed to be 
caused by the interacting factors of malnutrition, hemoparasitic 
disease (anaplasmosis, babesiosis, trypanosomiasis), endoparasitism 
and heavy tick infestation. Of five tick species found, only 
Boophilus microplus was found on all 37 ranches.
The epidemiological study on the North Coast was carried out on 
four beef ranches. Thirty pregnant cows in their last trimester of 
gestation were ̂ selected on each ranch. Offspring were blood sampled 
biweekly until 6 months of age. Of the 120 cows, 99 tested positive 
for anaplasmosis. The mean age of Infection of 112 calves was 11 
weeks, with the range being four to 24 weeks. Mean parasitemias 
following infection were less than 1% and decreased considerably 
thereafter. Decreases In mean packed cell volumes occurred during the 
week when first diagnosed and during the second week. The decreases
were minimal in all calves but two that appeared weak.
The study In the Cauca' Valley comprised six dairy herds of 1608 
cattle of which 432 serum samples were collected and tested for ana­
plasmosis. An overall reactor rate of 71% was found and for the ages 
1-6, 7-12, 13-24 and over 24 months reactor rates were 23%, 63%, 73% 
and 83% respectively (Corrier 1977; Corrier, Cortes Thompson et al 
1978; Corrier, Cortes, Aycardi et al 1978).
Corrier, Gonzelez and Betancourt (1978) reported on the basic 
prevalence studies alone in Colombia which were used partly in the 
above- mentioned epidemiological studies. The prevalence rates, 
number of herds tested, tests employed and number of cattle tested for 
each of the three areas were as follows: 93% reactors In 808 serum
samples tested by the CF and RCA tests from 70 beef ranches in the
North Coast; 72% in 3508 serum samples tested by the CF and RCA tests
from 49 beef ranches in the Eastern Plains; 62% in 964 serum samples
tested by the CF test from 11 dairy herds in the Cauca Valley; and 63%
In 734 serum samples tested by the RCA from 20 beef ranches in the
Cauca Valley.
An additional prevalence determination in beef cattle located in 
the North Coast area of Colombia was reported by Patarroyo, Villa and 
Diazgranados (1978). Blood samples were collected at slaughter of 
animals that originated from 72 farms. The MRCA test results revealed 
90.3% of the 590 serum samples as positive for Anaplasma antibodies 
and 66 of the 72 farms had such cattle. The Zebu, Criollo and their 
crosses each had similar high reactor rates by breed. This study 
suggested that anaplasmosis was endemic in a larger area of the North 
Coast than was studied in previous surveys.
Anaplasmosis CF tests, packed cell volumes and stained blood 
smears were made on 603 cattle located at five experiment stations in 
Colombia. These farms were situated at differing climatic zones vary­
ing from 8500 to 40 ft above sea level. A direct correlation was 
noticed between altitude and prevalence of anaplasmosis. At 8500 ft 
the prevalence was nil, whereas at 40 ft elevation, over 90% infection 
was noted. Prevalence of infection in enzootic areas was generally 
greater in older animals, but the effect of infection as characterized 
by anemia was most marked at the lower elevations. European breeds 
and native and Zebu cattle had similar prevalence rates, however, 
packed cell volumes were lower in the European breeds, especially at 
the lower elevations (Kuttler, Adams and Zaraza 1969).
Venezuela
The serological prevalence of anaplasmosis was investigated in 
the Centro-Occidental region of Venezuela using the IFA and latex 
agglutination (LAT) tests. Blood samples were obtained from 376 
cattle of all ages and breeds on ranches throughout the region. By
the IFA test the prevalence was 57.7% and with the LAT test 48.6%.
Blood smears were positive for Anaplasma marginale in 21.1% of the
cattle sampled. The maximal prevalence occurred between seven and 12 
months of age which followed the peak incidence of parasitemia seen at 
three to six months of age. The peak incidence of Anaplasma parasi­
temias occurred during the months of July and August approximately 
coincident with the maximal monthly rainfall in the region (James et 
al 1985).
Recent Epidemiological Studies - United States 
California
A large prevalence survey was conducted in northern California in 
1969- 1970 and reported by Utterback (et al 1972). Prevalence rates 
for complement-fixing antibodies was 43% in 8156 beef animals over 2.5 
years of age from 7, herds and 5% in 619 beef animals less than 18
months of age from 7 herds. Blood samples had been primarily collec­
ted at slaughter, under the State-Federal Market Cattle Testing Pro­
gram for brucellosis surveillance. Information was collected on each 
herd in regards to management, ecological factors, vectors and vector 
control and deer density. Stepwise multiple regression of 19 vari­
ables was used to indicate which of the ecologic and management 
factors accounted for most of the variation in prevalence among the 
herds. In each of four geographic areas of northern California, 
increased prevalence was found to be related to use of foothill and 
mountain rangeland, density of cattle and deer in all areas used for 
pasture, particularly foothill pastures and problem with ticks. The
variable, source of replacements, had predictive value associated with 
prevalence rates in two areas.
Utterback, Stewart and Franti (1972) further reported on the 
above-mentioned work and indicated that 35-1% of females, 40.9% of 
males, 37.8% of black white-face, 37.4% of Angus, 36.5% of Hereford 
and 31.3% of Charolais serum samples were CF test positive for 
Anaplasma antibodies. The prevalence by breed in female animals for 
each of the four areas tended to have less variation than between 
areas though. The respective prevalence rates for the four areas were 
47% for the northeastern area of mountains and valleys, 55% for the 
Sierra foothill area, 27% for the Central Valley area and 72% for the 
Coastal Mountain Range. Eleven additional herds comprising 909 
animals were tested for Anaplasma antibodies and analyzed by age 
group. Prevalence rates were 4% for one year old cattle, 5% for two 
year old cattle, 11% for three year old cattle, 18% for four year old 
cattle, and 31% for five year old cattle.
Goodger, Carpenter and Riemann (1979) investigated the epidemiol­
ogy and estimated the annual losses and costs of anaplasmosis, utili­
zing surveys of veterinarians and livestock farm advisors and inter­
views of ranchers. The percent anaplasmosis specific death rates in 
1976 for beef, dairy and feedlot cattle were 0.75, 0.19 and 0.04, 
respectively. When these rates were extrapolated to the state's 
cattle population based on 1975 livestock statistics and the losses 
valued at brucellosis indemnity payment prices, the total state loss 
amounted to over $4.5 million. A more complete assessment of beef 
cattle losses as a result of mortality, morbidity and private control 
costs was estimated to be over $5.2 million for the state. Parameters
obtained from the surveys and used in this calculation included: an
estimate of morbidity of 1.85%, a decrease in normal calf crop by 
3.675%, a 30% anaplasmosis survivor cull rate, a dollar value of new­
born calves for calculation of abortion losses, replacement costs for 
culls, veterinary fees per visit, a 53% veterinarian use rate for 
attention to cases, doses of anaplasmosis vaccine sold in 1975 and 
cost per vaccination, an average cost per animal treated, a 63% rate 
for treatment of cases, a vector control cost per head and a 68% rate 
for which the vector control was used for anaplasmosis control.
Idaho
A serological survey was conducted in northern Idaho and in three 
counties of southeastern Washington. The herds in the survey area 
were selected by random process and categorized according to source of 
replacement cattle, association with other herds, geographic location 
of grazing ranges, exposure to deer and elk, exposure to insect 
vectors and insect control measures. Of 3415 serum samples obtained 
from 5308 beef cattle In 29 herds, 281 or 8.2% were reactors to the 
RCA and/or the CF test. Reactor rates were similar for cows 2 to 15 
years of age (8.0%) and cows less than 2 years of age (8.9%). Bulls 
of all ages had a higher reactor rate of 9/89 or 10.3%, however, 5 of 
the bulls were from the same herd. Inter-association of herds from 
May to October was commonly practiced, followed by herd separation for 
the rest of the year. Source of replacements was another factor 
related to prevalence as carriers appeared to be predominantly 
purchased animals obtained from outside of the survey area. Herds' on 
open semiarid grazing areas with consequent exposure to other herds
had a higher percentage of reactors than did herds held year-round on 
forest range areas. All herd owners except two reported herd expo­
sures to deer and elk and all herds were exposed to potential vectors. 
The principal tick of the area, Dermacentor andersoni, had greatest 
feeding activity during April to June, which wps also the grazing 
period of the open semiarid ranges. The activity period corresponded 
closely with the onset of clinical anaplasmosis. Insect control 
measures and the occurrence of anaplasmosis reactors did not seem to 
be related (Frank, Stauber and Long 1972; Long, Stauber and Frank
1974).
Sweet and Stauber (1978) conducted a similar serologic survey in 
northern Idaho and southeastern Washington during 1972-73, in which 
3920 adult beef and dairy cattle from 31 herds were tested for 
Anaplasma antibodies by the MRCA and CF tests. The herds were placed 
on a test and treat program and retesting was done using the MRCA 
test. The overall reactor rate was 5.5%, lower than the earlier sero­
logic survey simply because the high reactor herds did not enroll in 
the program. Of 214 reactors detected during the first test, 96 had 
been purchased animals. Similar to the previous study it was found 
that cattle maintained on the home ranch year round were less likely 
to have anaplasmosis reactors than cattle that range in the forests, 
mix with cattle of unknown origin or graze in the Snake River 
canyons.
A continuation of the investigation of anaplasmosis in northern 
Idaho and southeastern Washington evaluated 5514 animals during 1973- 
75 and found a 6.7% prevalence. There were CF reactor animals in 23 
of the 33 herds examined and the prevalence ranged from 0.4 to 47.4%
in individual reactor herds. The prevalence was higher in open herds 
as indiscriminate buying and selling of cattle in the study area 
appeared to be the most important factor in causing the spread of
disease from herd to herd and region to region. In the open valley 
ranges the prevalence was higher than that of cattle on high country 
forest ranges. A high prevalence was observed among cattle which
grazed during the winter and spring in low lying areas along the Snake
River canyons.
Prevalence determinations were made in three other areas of Idaho 
during this period. In the Salmon-Challis area of southeastern Idaho 
1.4% of 1021 animals CF tested positive, in southern Idaho along the 
Snake River 7.5% of 1242 animals CF tested positive and in south
central Idaho 14.5% of 1852 animals CF tested positive (Renshaw et al
1975). A study reported by Renshaw (et al 1977) had Indicated free-
roaming mule deer in southeastern Idaho were infected with Anaplasma 
marginale.
Oregon
An interesting account of anaplasmosis and its epidemiology in 
Oregon was given by Peterson (1972). Anaplasmosis was described as 
enzootic in parts of southwestern and most of central and eastern
Oregon, especially in the more arid sagebrush country where Dermacen-
tor andersoni and mule deer existed. In areas of central and eastern 
Oregon where this tick, mule deer and higher rainfall occurs, clinical 
anaplasmosis was, however, rarely seen. In southwestern Oregon Derma- 
centor albipictus, Ixodes pacificus and Dermacentor occldentalis were
indigenous and Columbian black-tailed deer were prevalent.
Texas
Alderlnk (1982; Alderink and Dietrich 1982, 1983) collected data 
on the epidemiology and economics of anaplasmosis in Texas beef cattle 
herds. A mail questionnaire to a random sample of veterinarians and a 
mail questionnaire to a random sample of producers were used to obtain 
the data. For 1980 the overall incidence was determined to be 0.254%. 
Three areas were delineated by anaplasmosis incidence, that is, Area 1 
with rare incidence, Area 2 with incidence less than 1%, Area 3 with 
incidence ranging from 0.6-2.2%. Larger herds reported anaplasmosis 
more often when compared with herds of herd size less than 200 head, 
however, the incidence of cases was lower In herd sizes of greater 
than 200 head. Summer (July-September) had 57.3% of the cases and 
fall (October, November) had 23.9% of the cases in Areas 2 and 3, 
excepting a subarea of Area 3 which revealed 49.2% of the cases in the 
winter (December-March). Veterinarians incriminated horseflies as the 
principal vector for June through October with mosquitoes being blamed 
for vector activity during September and October. The winter tick 
Dermacentor albipictus was suspected as the primary vector during the 
winter in the subarea of Area 3 where incidence of cases was the high­
est of the seasons.
An anaplasmosis case fatality rate of 35.9% was found, with bulls 
appearing to be somewhat more susceptible than cows.
The average weight loss reported per head because of anaplasmosis 
was 190 lbs and for bulls 300 lbs for the surviving animals. Twenty- 
eight percent of these survivors remained chronic and were culled. 
The reduction in calf crop attributable to anaplasmosis-induced abor­
tion was determined to be 26.8% among anaplasmosis surviving cows.
Treatment costs were estimated by including cost of veterinary 
service, drug costs and labor to handle sick and dead. Prevention 
costs included vaccination, oxytetracycline injections, tetracycline 
feed and vector control.
Using incidence rates as determined for each area and the respec­
tive area cattle population, a weighted incidence rate for the entire 
state was 0.276%. This incidence rate gave an estimate of 15,015 
cases and an estimate of losses, treatment and prevention costs of 
over $8.9 million to Texas beef cattle producers during 1980.
Wyoming
Prevalence surveys conducted in Wyoming found 13.1% reactors in a 
total of 6700 serum samples from 388 beef and dairy herds subjected to 
the CF test for anaplasmosis during 1956 and 1957 (Thomas 1958), and 
22,458 serum samples collected from cattle in 835 herds over the 
period 1957 to 1964 revealed 16.5% reactors and 4.1% suspects for a 
total of 20.7% positive to the CF test. In the latter survey 45.6% of 
the herds had reactors and in some herds in specific counties 75-85% 
of the cattle within a given herd were positive reactors (Thomas and 
Radford 1965).
Playing a part in these high prevalence rates in Wyoming were the 
tick vectors Dermacentor andersoni and Dermacentor albipictus. With 
clinical anaplasmosis seen from June to September the greatest activ­
ity of Dermacentor andersoni in April to June coincided well for the 
transmission of anaplasmosis. Dermacentor albipictus was not consi­
dered an important vector as it is only active during October to March 
(Thomas, Ryff and Hancock 1970).
Recent Epidemiological Studies - West Indies
Bundy, Hylton and Wagner (1983) reported 90% of 50 serum samples 
collected from cattle in Jamaica to be positive for Anaplasma 
marginale as determined by the IFA test. In Saint Lucia 80% of 96 
serum samples were positive and in Guyana the MRCA test found 85% of 
788 serum samples positive for Anaplasma antibodies. Knowles (et al 
1982) had previously reported the IFA test results of the Saint Lucia 
cattle. In the study the serum samples had been collected from cattle 
in nine locations over the island. In 1979, 159 Holstein calves 10-14 
weeks of age were imported into Saint Lucia from the USA. Sera 
obtained from the same calves three, six and twelve months post- 
importation IFA tested positive in 4/25, 14/20 and 20/20, respective­
ly. The serum IFA titers at three months after arrival were deemed to 
be too high to represent colostral antibody. A clinical outbreak of 
anaplasmosis occurred in a number of calves at five months post­
importation, well after clinical babesiosis that affected 93 calves 
beginning 17 days post-importation.
Very similar findings on tick-borne diseases affecting imported 
cattle had been reported by Williams and Gonzalez (1968) and Williams 
and Williams (1969) in Trinidad. Dairy heifers about one year of age 
imported from Canada succumbed to clinical infection with babesiosis 
within about five weeks after being placed on tick-infested pasture, 
and six to nine months after importation anaplasmosis was evidenced.
Vector Epidemiological Studies
Tabanidae, Culicidae and Chloropidae 
In Louisiana, Wilson (et al 1963) compared horse fly control and 
percentage CF reactor rates for anaplasmosis in control and pyrethrln
daily sprayed herds in two areas, open pastures and wood bordered
pastures. In the open pasture area the treatment herd of 154 adult
cows and the control herd of 37 yearling bulls revealed average horse 
fly activity of less than one fly per animal (one side) in both 
groups. The percent reactors increased in the treated group from 52.5 
to 63.6% and in the control yearlings from 21.6 to 24.3%. In the 
wooded area, the reactor increase was much more dramatic with the 
treated herd of 66 heifers (1.5-2 years of age) increasing from 32.0 
to 50.9% and the control herd of 188 adult cows increasing from 40.9 
to 73.9%. The average number of horse flies was 5.9 flies in the 
control group and 1.3 flies in the treated group during the period of 
maximum horse fly activity in early June. Twelve deaths occurred In 
the control herd of the wooded area, and one death in the treated 
herd, presumed to be as a result of anaplasmosis. Apart from the age 
differences between control and treatment herds and the difference in 
pre-season reactor rates, the authors concluded that despite the horse 
fly control in the treated herd of the wooded area, the increase in 
reactor rates did not reflect much benefit. The authors suggested
that mosquitoes may be implicated in causing the significant reactor
rate increases in the treated herds of both wooded and open area above
that of tabanid fly activity. Since the mosquito populations had not
been assessed, and hence the effect of the insecticide on mosquito
numbers, such a suggestion is without substantiation. In the treated 
group of both areas the pre-season prevalence of Anaplasma antibodies 
was certainly substantial and the horse fly population, even though 
greatly reduced, still was probably sufficient in numbers to carry out 
transmission.
Wilson (et al 1970) CF tested for anaplasmosis and counted 
tabanid flies (on one side) of Holstein (imported May 1966 into 
Louisiana) and cross-bred dairy cattle over two fly seasons, 1966 and 
1967. In the cross-bred cattle the percentage of CF reactors increas­
ed from 10% on March 3 to 25% on August 2 and October 5, 1966. The 
Tabanidae collected during the period from March 1 until April 12 were 
Hybomitra lasiophthalma, Tabanus llneola and some Chrysops spp. On 
May 23 the dominant species were Tabanus americanus, Tabanus stygius 
and Tabanus lineola. Of 20 cross-bred animals observed for fly counts 
the highest average number of flies per animal was four, seen in mid- 
September. No CF reactors were present in the imported cattle when 
received May 1966, however, on August 1, October 5 and November 22, 
the percentage reactors were 10, 20 and 30%, respectively. The great­
est tabanid fly activity in this herd also occurred in mid-September 
with an average of five flies per animal.
In 1967 the reactor rate in 16 cross-bred cattle tested increased 
from zero on March 14 to 12.5% on November 14. The reactor rate in 
the imported cows increased from 22.2% on March 14 to 44.4% on Septem­
ber 12, and then decreased to 33.3% on November 14. The greatest 
horse fly activity occurred on September 7, at an average of close to 
two flies per animal. This was based on counts of 10 imported and 20
cross-bred cattle and the average of all counts taken without differ­
entiation between the breeds of cattle.
It Is interesting to note that in the cross-bred cattle there was 
no increase in reactor rate following the peak of tabanid fly activity 
In mid-September 1966. In the imported Holstein cattle the August 1 
reactor rate was found doubled approximately three weeks following the 
tabanid fly peak and tripled within two months following this peak. 
Such dramatic increases were not observed in either cattle breeds in 
1967, although the tabanid counts were considerably lower in this 
year.
Steelman (et al 1970) looked at mosquito counts and increases In 
the anaplasmosis CF reactor rate of the same cattle in the study 
reported by Wilson (et al 1970). The highest mosquito counts on the 
front portion of 10 cross-bred cattle were recorded in late August 
1966 and August 15 1967, averaging 15 mosquitoes per head. The high­
est mosquito counts on 10 imported cattle were recorded in late August 
1966 averaging 25 mosquitoes per head, and in 1967 three peaks in the 
mosquito counts were observed in mid-June, mid-July and mid-August, 
averaging 10-15 mosquitoes per head. Psorophora confinnis and Culex 
salivarius were observed throughout the mosquito season and Psorophora 
ciliata became evident in high numbers In June and throughout the 
remainder of the season. As with the study of tabanid fly activity, 
important increases in the percentage reactors were only seen in the 
imported cattle in 1966, approximately six weeks and 11 weeks after 
the late August peak in mosquito numbers. Associating increases in 
the prevalence of antibodies to anaplasmosis following peaks In vector 
counts is not done without reservations. Counting methods probably
are far from having much accuracy and in these studies counts were 
only done at weekly intervals. Nevertheless, the studies did show the 
rise in prevalence rates in both groups of cattle over the monitored 
vector season and this portrayal is not of little importance.
Roberts (et al 1969) carried out field experiments during the 
years 1965-67 in Mississippi to compare the incidence of anaplasmosis 
in splenectomized calves kept outside and those kept in a pen screened 
against tabanids. Four groups of test animals were kept outside each 
year from the end of May to the beginning of July, one group for the 6 
week period and one group for each successive 2 week period over the 6 
weeks. The penned groups were exposed for the 6 week periods each 
year also, except in 1965 an additional 3 weeks was included. The 
groups consisted of 3 or 4 splenectomized calves plus one carrier calf 
in the acute stage of anaplasmosis. In the 3 years, 12 of the 37 
animals in the outside groups contracted anaplasmosis whereas none of 
the 10 animals confined within the screened pen did. Light traps 
placed in the screened pen trapped large numbers of mosquitoes of 
which over 90% had blood fed as compared with 5% of the mosquitoes 
trapped in the outside light traps. In both inside and outside light 
traps and in steer-baited insect traps Anopheles quadrimaculatus and 
Psorophora confinnis were the most abundant mosquito species collec­
ted. Other hematophagous insects were collected in the traps from 
inside the screened pen and included Hematobia irritans, Stomoxys 
calcitrans and several species of Culicoldes. The authors of these 
experiments concluded that the Culicidae and the other hematophagous 
Diptera just mentioned were not involved in anaplasmosis transmission. 
The Tabanidae were incriminated as the principal vectors and because
of the relationship between tabanids and eye gnats (Hippelates spp.), 
the latter insect was also incriminated. The authors did express 
bewilderment that not all calves of the outside test groups became 
infected during the six-week exposure periods and that the numbers of 
infected calves during each two-week period outside were not as uni­
form as would be expected. Despite these reservations the experiment­
al results were convincing of the role of the Tabanidae in the trans­
mission of anaplasmosis.
Krinsky (1976) was critical of the experiments of Roberts (et al 
1969). The criticisms expressed the following deficiencies: the lack 
of data on the screen used to exclude the tabanids, the kinds and 
numbers of insects collected in traps did not provide information 
about host attraction or about biting habits of the insects, feeding 
site preferences were not considered in relation to the behavior of 
species collected inside and outside, the greater than 90% of the 
Culicidae collected inside that were engorged may not have fed on the 
calves inside, and there may have been arthropods other that tabanids 
present outside the screened pen that were not considered.
Blood-fed tabanids collected during 1967-68 in the Louisiana 
estuarine area of Cameron, Terrebonne and Vermilion Parishes were 
identified to have blood meals from cattle, horses, deer, rabbits and 
both cattle-horse in 63.2, 22.8, 9.3, 0.3 and 4.1%, respectively, of 
267 engorged tabanids. Cattle, horse and cattle-horse feedings 
comprised 74.1, 20.3 and 5.1%, respectively, of the meals of the 58 
engorged specimens captured in four parishes located in the alluvial 
and fresh water swamp areas. This host-blood source information adds 
to the epidemiological knowledge concerning the potential of cattle-
deer cross species anaplasmosis transmission (Wilson and Richardson 
1969).
Thirty-five engorged Chrysops hirsuticallis captured by sweeping 
vegetation in 1971, 1972 and 1973 in southeastern Mendocino County of 
California were analyzed by a modified capillary precipitin method to 
identify blood meal sources. Blood meals of 19 engorged specimens 
revealed that cattle and Columbian black-tailed deer were frequent 
hosts along with limited feeding on the black-tailed jack rabbit, 
Virginia opossum and raccoon. Sixteen specimens contained blood meals 
that were unidentifiable due mainly to insufficient blood for testing 
(Lane and Anderson 1982).
Magnarelli and Anderson (1980) observed the feeding behavior of 
17 tabanid species in Connecticut to determine preferences in feeding 
sites on cattle and prevalence of disruptive feedings. Of the 7 
Chrysops species studied, more than 82% of the 628 females chose the 
head region, especially the area between the horns. Of the 5 Hybo- 
mitra species observed, 58% of the 524 females preferred the sides and 
33% the backs. Tabanus atratus had a definite preference for the back 
and upper sides of cattle. The other 4 Tabanus species each had pre­
ferred sites. Although continuous and disrupted feedings occurred on 
all body regions, more than 83% of 281 deer flies successfully 
obtained complete blood meals by continuous feedings while 65% of 280 
Tabanus and 279 Hybomitra individual flies engorged continuously. 
Host animals had made few attempts to dislodge the deer flies but 
appeared particularly annoyed by Tabanus lineola, Tabanus pumllus and 
Tabanus quinquevittatus female flies biting their legs. About 60% of 
the Tabanus and Hybomitra which were interrupted in feeding departed
from their host animals and subsequently attempted to refeed from the 
same animal or sought another host. It was suggested that the inter­
rupted feedings were probably due to a combination of competitive 
interactions, variability in feeding behavior (females of some species 
which fed on the sides or legs were more apt to discontinue blood 
ingestion even with minimal host response) and the degree of host 
reaction to the biting. Of 2559 host-seeking tabanids captured in 
pastures and woodlands, 251 or 10% had taken blood meals. Positive 
reactions to antisera in capillary precipitin tests were as follows: 
57% bovine, 14% horse, 9% dog, 8% rabbit, 7% bovine-deer, 4% deer and 
1% unidentified mammal. Mixed bloods of bovine and equine origin were 
detected in an additional 7 Hybomitra and 13 Tabanus females and these 
double reactions were indicative of multiple feedings in relatively 
brief time periods. Hence, this study has portrayed the multiple 
feedings and cross-species feeding of tabanids. When the frequency of 
Interrupted tabanid feedings rises, the possibility of mechanical 
transmission Increases and among herded animals, infected insects only 
have short distances to fly and find other hosts.
Certain aspects of the dispersal, flight activities and longevity 
of some horse flies of the genus Tabanus were Investigated by Thorn­
hill and Hays (1972) during the summers of 1969 and 1970 in Alabama.
Of the 1063 marked flies released in 1969 and the 2931 released in
1970, 11 marked flies were recaptured in 1969 and 103 in 1970. The 
species of marked flies recaptured were Tabanus lineola, Tabanus
melanocercus, Tabanus nigripes, Tabanus pallidescens and Tabanus 
petlolatus. The number of recaptured flies In relation to the
distance of the traps from the release point indicated that some horse
flies did not range widely whereas failure to recapture the large 
tabanids may indicate that they flew out of range of the traps. The
amount of wooded terrain in the flight path to the traps had no influ­
ence on the number of recaptures. Marked flies were recaptured in the 
research area for periods up to 23 days. A comparison of recaptured 
flies in open and wooded areas showed a fairly equal distribution in
these two areas in 1970, but a slight preference for wooded areas in
1969. When the total number of flies captured in 1969 and 1970 were 
compared as to location of traps in wooded and in open areas, there 
was no significant difference found and it was evident that the flies 
were equally distributed throughout the research area.
Sheppard and Wilson (1977) studied the relationship of horse fly 
host seeking activity to the edge of wooded areas in the bottomland 
hardwood and cypress region of southern Louisiana. Host seeking acti­
vity was measured in wooded areas, and in open areas and pastures near 
woods by trapping blood meal seeking tabanid females, collections from 
a bait animal and observation of fluorescent marked flies. The stu­
dies were conducted in three separate areas during the summer months 
of 1973-74. Tabanus fusclostatus and Tabanus lineola were the princi­
pal species of horse flies active during the periods of this study. 
Tabanid host seeking activity was greatest near the woods' edge. At 
237 m or greater from the woods' edge into open areas, host seeking 
activity decreased significantly. The resting sites of host seeking 
female tabanids appeared to be at the woods' edge and may have been 
high in the trees. These findings would suggest higher anaplasmosis 
transmission potential on pastures adjacent to wooded areas rather 
than on open fields.
Sheppard, Wilson and Farthing (1980) conducted an investigation 
to determine if tabanids preferred open lanes through a wooded area 
for flights of greater than 1 km in a bottomland hardwood and cypress 
region of Louisiana. The usage of roadways or other open lanes versus 
wooded routes was tested by comparing the number of marked tabanids 
that were recaptured at the end. of each route. The study was carried 
out during 3-4 week periods in June and July 1972 and 1973 and primar­
ily Tabanus fusclostatus and Tabanus lineola were the species of 
Tabanidae involved. In 95% of the lane versus wooded route compari­
sons the female Tabanus showed no preference. Along with the observa­
tions that marked female Tabanus were seen flying over the forest 
canopy and that many more potential wood routes existed than lane 
routes, the authors concluded from their findings that most routes of 
long flights by common female Tabanus were taken randomly with respect 
to open lanes through woods of bottomland hardwood areas. In light of 
this study, it is probable that tabanid vectors of anaplasmosis would 
not be inhibited by woods separating herds.
The flight range of Tabanidae in an area of the bottomland hard­
wood and cypress region of Louisiana was Investigated by Sheppard and 
Wilson (1976) during one month periods in 1972 and 1973. Marked
tabanids were recaptured up to 6.8 km from release points, the farth­
est recaptures were three Tabanus lineola and one Tabanus fusciosta- 
tus■ These two species represented 89% of the 801 tabanids recap­
tured. When calculations were performed to correct for the lower
trapping densities at greater distances from the release points, much 
higher corrected totals of tabanids captured at 6.8 km were appreciat­
ed. The flight range of at least 6.8 km by female tabanids would
allow for herd-to-herd anaplasmosis transmission providing the flight 
time was within the survival period of Anaplasma organisms on the 
mouth parts.
Hollander and Wright (1980) in Oklahoma investigated the impact 
of tabanids themselves on cattle. Blood meal size data was obtained 
for eight species of tabanids with the range being 22.8 mg for 
Chrysops callidus to 681.8 mg for Tabanus atratus. A total of 3419 
tabanid landings were observed on a tethered cow. Each species dis­
played preferred landing and feeding locations, however, 50% of the 
total landings were on the legs. Of the two largest species observed 
Tabanus atratus and Tabanus sulcifrons preferred the back (75%), and 
the back, shoulder and side area (62%), respectively. The density of 
tabanids in any area on the cow did not appear to limit the number of 
additional landings. The percent engorgement rate for each species 
depended on how much pain the bite induced, the sensitivity of the cow 
to the approach and landing of the tabanid and how easily the tabanid 
was dislodged by the reaction of the cow. In the latter case, Tabanus 
atratus and Tabanus sulcifrons were species which were not easily dis­
lodged even though their bite was evidently painful. Estimated daily 
blood loss was based on the number of specimens engorging per unit 
time and on knowledge of the species composition of the biting popula­
tion. During periods of peak tabanid populations the estimated total 
blood loss was over 200 ml per animal per day. The authors point out 
that the irritation caused during biting and the energy used by the 
animals in attempting to dislodge them may be as important as the 
impact of blood loss on cattle.
This study of Hollander and Wright complements that of Wiesen- 
hutter (1975b) in that the behavior and feeding habits of species of 
the Tabanidae have pronounced differences. The ability of one species 
to transmit anaplasmosis more efficiently than another is directly 
related to their feeding habits. In the former study, the blood loss 
possible per animal per day could be a significant stress to Induce 
recrudescence in a carrier animal or could stress an animal suffi­
ciently to reduce its ability to ward off vector transmitted anaplas­
mosis.
Over a three year period, July 1967 to June 1970, Weisenhutter 
(1975a,b,c) investigated the seasonal occurrence, relative abundance, 
behavior and feeding habits of tabanids and the epidemiology of 
anaplasmosis on a dairy farm in Tanzania. Tabanus fraternus and 
Tabanus taenlola were the most common, representing 58.4% and 24.5% 
respectively of a total of 13,485 Tabanidae caught. The total consis­
ted of female flies only and belonged to four genera and 12 species. 
The seasonal occurrence of the Tabanidae showed a dependence on the 
pattern of annual climatic changes. Observations on the behavior of 
two small Tabanidae, Tabanus gratus and Haematopota decora, revealed 
that these flies with small mouth parts were efficient at early, 
uninterrupted and successful feeding on the host. Observations on the 
behavior of three large Tabanidae showed these flies with big mouth 
parts induced painful probing at feeding, host repellent action, and 
interrupted feedings resulted. One of these large flies, Tabanus 
taeniola, was persistent and aggressive In its requirement for a large 
blood meal and was remarkable In its tendency to continue an interrup­
ted blood meal immediately on a near-by host. It was concluded that
Tabanus taenlola best fulfilled the feeding habits required for mech­
anical transmission of anaplasmosis- The other two large Tabanidae 
were not considered important as mechanical vectors of anaplasmosis 
because of the sluggish and unpersisting feeding habits of Tabanus 
biguttatus and the relatively small blood meal and short feeding time 
of Tabanus fraternus.
There were 55 cases of anaplasmosis during the first 1 1/2 years
of the study in the herd of 170 cows and 130 young animals* Mechan­
ical transmission by routine intramuscular trypanocidal treatments was 
suspected in the epidemiology of anaplasmosis. Of 96 adult cattle and 
109 young stock tested for Anaplasma antibodies by the IFA test, 75%
and 29% respectively were positive. Significant increases in the
number of anaplasmosis cases occurred 30 to 60 days after the seasonal 
increase in the total Tabanidae population. Furthermore, the monthly 
incidence of anaplasmosis in 1968 was highly related to the monthly 
frequency of Tabanus taeniola but not Tabanus fraternus. A mathemati­
cal model was postulated to derive the relative importance of mechani­
cal transmission by Tabanidae (M) where M = A^2 ~ 12 %Xi.
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For the year 1968 A^2 was the total number of anaplasmosis 
cases. The component represented the average disease incidence
in the 9 months where the frequency of the disease ranged from 1-4 
cases (which was considered to be the hypothetical number of cases 
transmitted monthly by faulty injection technique). During the
remaining three months of the year disease incidence increased signi­
ficantly to 7, 8 and 9 cases following seasonal rises in tabanids
two months previously. This model calculated 18/41 or 43.9% of the
anaplasmosis cases in 1968 were transmitted by Tabanidae.
In the second half of the study, January 1969 to June 1970, use 
of sterile needles for each animal receiving injections was implement­
ed. Only three cases of anaplasmosis were seen, that being a 95%
reduction in disease incidence. These cases followed a seasonal 
increase of Tabanus taeniola.
Concerning the tick as a possible vector of anaplasmosis in this 
study, weekly power-spraying of the cattle was done along with weekly 
pre-spray tick collections and weekly tick collections from suckling 
calves and a few grazing young animals that were not sprayed with 
acaricides. Ten ticks were collected during the first half and 27
ticks collected during the second half of the study. Only one adult 
tick, Rhipicephalus simus that had been collected from a suckling calf 
was considered somewhat relevant as a vector for anaplasmosis; the 
other tick species were said to have no relevance in the epidemiology 
of anaplasmosis. The author of the study doubted the importance of 
Rhipicephalus simus as a vector because the immature stages of this 
tick in nature have preference for feeding on small mammals. Based on 
the tick collection findings and on the absence of other tick-borne 
diseases in the herd, the author concluded that the tick control
measures were effective and that anaplasmosis incidence was not due to 
transmission by ticks. The occurrence of other hematophagous flies
such as tsetse and stable flies and mosquitoes was not investigated in 
this study.
Wiesenhutter's study was an excellent example of what a good
amount of information could be obtained in a single herd investlga-
tion. The 95% reduction in the number of anaplasmosis cases during 
the second half of the study was attributed to elimination of injec­
tion needle transmission and the lower seasonal incidence of Tabanus 
taeniola observed in 1970. What was not proposed was the herd immuni­
ty that no doubt developed as initially 75% of 96 adult cattle and 29% 
of 109 young stock were positive on the IFA test for Anaplasma anti­
bodies •
Roberts (1968, 1970) In Mississippi observed the feeding habits 
of four species of Hippelates (eye gnats) on a tethered bait animal. 
When horse flies landed on the animal, the gnats clustered around and 
on the horse flies. During blood flow the gnats fed on blood around 
the mouthparts of the horse flies and on blood that oozed from the 
wounds. The author suggested the possible role of the gnats as mech­
anical vectors of anaplasmosis when they fed on horse fly wounds of
Anaplasma-lnfected animals and then subsequently fed on the mucous
membranes of the eyes of Anaplasma-susceptible cattle. The eye gnats 
have been observed associated with feeding stable flies and attracted 
to feeding sites of horn flies, but attraction to the insects per se
did not exist as with the horse flies.
Ixodidae
Nine mixed breed beef cattle which were 4 years old, in the third 
month of their second gestation period and CF test negative for 
anaplasmosis, were subjected to conditions of natural exposure to an 
environment where other cattle had been essentially absent for about 
20 years. The area was in the Coast Range of California and was used 
as sheep rangeland. The area had a large population of Columbian
black-tailed deer. The cattle were monitored once weekly with blood 
sampling during a 3-month exposure period and for a further 3 month 
post-exposure period. Subclinical anaplasmosis as determined by the 
CF test occurred in 5 of the 9 cows. The next year 12 cattle were 
selected (6 cows exposed on pasture as before and 6 cows confined to a 
tick-proof platform). The cattle were 2 years of age, mixed breed 
beef, in the 3rd month of gestation and negative to the CF test for 
anaplasmosis. Five of the six cows on pasture became CF test positive 
during or after pasture exposure whereas none of the 6 held on the 
tick-proof platform in the same pasture became CF positive. Clinical 
anaplasmosis was not seen in any of the cattle during both years. 
Ticks were considered the most likely vectors in the deer-cattle 
anaplasmosis transmission (Howarth and McNeal 1973).
A two year study was conducted by Peterson, Goulding and Turner 
(1976) and Peterson (et al 1977) to determine whether under natural 
conditions Anaplasma marginale survived the winter dormant period of 
the vector Dermacentor andersoni. It appeared that the organism was 
unable to survive the winter conditions of eastern Oregon on D̂. 
andersoni infected pastures. Anaplasma marginale survived only in 
infected cattle and was apparently transmitted to susceptible cattle 
by the male tick parasitizing infected and then susceptible cattle 
during the same vector season.
Vertical Transmission
Neonatal anaplasmosis has been observed and reported only infre­
quently. Wandera and Munyua (1971) described clinical anaplasmosis in 
a 4-day-old calf. An Anaplasma parasitemia of 40% was seen. An epi­
sode of anaplasmosis was reported by Bird (1973) in a 2-day-old calf 
which suffered from generalized anemia, opisthotonus and nervous dis­
order. Post-mortem findings and Anaplasma parasitemia provided for 
the diagnosis of anaplasmosis and intra-uterine infection was implica­
ted .
Neonatal anaplasmosis was noted in a calf born to a Bos taurus 
heifer that had been removed at 10 weeks of pregnancy from a Boophilus 
microplus infested area and placed in a pen in a Boophilus microplus 
free area. Subinoculation into a recipient calf that was splenecto­
mized six days later resulted in parasitemia and clinical disease two 
weeks post- inoculation (Norton, Parker and Faulkner-Forbes 1933).
Abortions in the field have been attributed to anaplasmosis. 
Five bovine fetuses aborted from cattle seven to nine months pregnant 
were confirmed positive for anaplasmosis by blood films and organ 
smears in Brazil, 1974-1975. Bacteriological cultures of the fetuses 
were negative and the cows were from farms negative for brucellosis. 
Stress from drought season poor pasturage was suggested as the predis­
posing factor in the Anaplasma marginale abortions (Correa, Correa and 
Gottschalk 1978).
Experimental inoculations of cattle in midgestation and in the 
third trimester of pregnancy were conducted by investigators to iden­
tify the pathogenesis and the age of the fetus when abortion was most
likely to occur. Inoculation of six cows in the third trimester of 
pregnancy with whole blood obtained from an Anaplasma marginale carri­
er animal resulted in four cows aborting dead, autolyzed fetuses 22-31 
days post-inoculation One cow was euthanized on day 22 and a dead, 
autolyzed fetus was removed. The sixth cow delivered a live calf in 
which subinoculation of whole blood from this calf resulted in a posi­
tive CF test and presence of the organism in erythrocytes of a recipi­
ent calf. In a second experiment, two of three cows that had served 
as uninoculated controls to the above described procedure and were 
also in the third trimester of pregnancy, were inoculated with 
Anaplasma marginale. One cow developed a severe anemia and parturi­
tion was induced with a glucocorticoid. The calf died one hour after 
delivery. The second cow produced a viable calf. Results of subinoc­
ulation of blood from these latter two calves were negative for CF 
test and parasitemia in recipient calves. It was suspected by the 
authors that the extra-erythrocytic phase of the organism crossed the 
placenta and established an active infection in the fetus, however, 
maternal anemia was implicated as the cause of the fetal death (Fowler 
and Swift 1975).
A second study looked at vertical transmission during the third 
trimester of pregnancy. Six of ten Hereford heifers were inoculated 
with blood from a carrier animal and four heifers acted as uninocu­
lated controls. All ten heifers were in the third trimester of preg­
nancy, about 45 days or less from term. Three fetuses from inoculated 
heifers surgically removed at 15, 22, and 22 days post-inoculation and 
three fetuses from the control heifers surgically removed at 15, 22 
and 27 days were retrieved alive. One fetus surgically removed from
an inoculated heifer at 27 days was dead. One inoculated heifer 
aborted a dead fetus at 27 days and one delivered a normal calf at 24 
days post-inoculation. One of the control heifers delivered a normal 
calf at 20 days. The packed cell volume (PCV) and hemoglobin grams 
per 100 ml (Hb) decreased in all six inoculated heifers and CF anti­
body was detected in all six heifers. PCV and Hb remained within the 
normal range of the control heifers and serum samples from all live 
fetuses and neonatal calves were negative for CF antibody. One of the 
live fetuses from the inoculated heifers had a 1% Anaplasma marginale 
parasitemia whereas the two other live fetuses and the calf did not 
show infected erythrocytes. Subinoculation of blood into five splen­
ectomized calves from the four fetuses and the calf that was delivered 
normally, resulted in infected erythrocytes and positive CF tests in 
two splenectomized calves, the two that had received blood from the 
two live fetuses. This indicated that the Anaplasma organism appar­
ently had crossed the placenta within 15 and 22 days post-inoculation 
(Swift and Paumer 1976).
Swift and Paumer (1978) further reported on findings in the above 
study. Three of the live fetuses surgicaly removed from the inocu­
lated heifers had a partial oxygen tension less than that of the three 
live fetuses surgically removed from the control heifers. The authors 
concluded from this study and earlier work that a fetus was in 
jeopardy when the PCV of the dam ranged between 14-23 and the Hb level 
was 5-7 gm/100 ml. Death of the fetus as was seen with two of the 
inoculated heifers and the abortions that were seen in the study of 
Fowler and Swift (1975) were suggested to be due to fetal anoxia and 
accompanying acidosis.
Experimental inoculation of pregnant cattle earlier in the gesta­
tion period was conducted to compare with third trimester inoculation 
results. Inoculation of pregnant beef heifers at midgestation with 
Anaplasma marginale present in whole blood obtained from an anaplasmo­
sis carrier cow resulted in the 12 inoculated heifers developing clin­
ical signs approximately 35 days post-inoculation but delivering heal­
thy calves at term. The inoculated heifers developed CF antibody 
titers at three weeks post-inoculation and retained titers throughout 
gestation. Three uninoculated control heifers delivered healthy 
calves and these three heifers remained CF negative, while postcolos- 
tral titers on calves from inoculated heifers were positive. The low­
est values for PCV and Hb observed in inoculated heifers were in the 
ranges of 14-28.5% and 4.6-10.9 gm/100 ml, respectively. Inoculated 
heifers and control heifers gained a mean of 86 kg per head and 106 kg 
per head, respectively, during the gestation period. There was no 
significant difference in birth weights on calves from inoculated 
heifers compared to calves from control heifers.
The authors concluded from this study that since none of the 12 
heifers, inoculated at raidgestation, aborted, even though the PCV and 
Hb levels were in the range seen in aborting heifers in a previous 
study (Fowler and Swift 1975), the fetus died as a result of anoxia 
rather than fetal infection with Anaplasma. Anemia in the dam caused 
by anaplasmosis would not have as much Influence on the fetus at mid­
gestation as with the fetus in the third trimester when oxygen demands 
were greater. The authors stated that since precolostral sera was CF 
negative, the organism had not crossed the placenta at midgestation 
(Swift, Settlemire and Thomas 1978).
Trueblood, Swift and Bear (1971) had shorn previously that a
young fetus can be actively infected in utero and placental crossing 
of the organism to infect the dam could^ occur. A bovine fetus,
approximately 100 days of age, was experimentally inoculated intra- 
peritoneally in utero with anaplasma infected erythrocytes. The fetus 
was removed 41 days later by caesarean section. At the time of the 
caesarean section the CF antibody titer of the dam increased signifi­
cantly compared to CF antibody titer at the time of inoculation. The 
PCV was 12% and the parasitemia 30% in the dam. The PCV of fetal
blood was 23% with a parasitemia of 5%. There was a CF antibody titer
in the fetal serum. The authors concluded that the 100—140 day old 
fetus was capable of producing Anaplasma antibody and that active 
infection existed in the fetus as subinoculation into a calf resulted 
in anaplasmosis.
Instrument Mechanical Transmission
A number of anaplasmosis outbreaks following some kind of injec­
tion or surgical operation carried out in herds had been reported 
during the years 1928-1944. The incubation periods varied from 30-45 
days following the operations. The procedures included dehorning, 
tipping of the horns, vaccinations, blood sampling, intradermal test­
ing for tuberculosis, intravenous injections, castration and even the 
stabbing of cattle with a pitchfork (Hilts 1928; Stiles 1936; Moe, 
Stiles and Howell 1940; Goss, Mills and Guard 1941; Schendel 1941; 
Stiles 1944, 1945; Hoyt 1962).
Experimental Transmission of Anaplasmosis By Insects and Instruments
The experimental transmission of Anaplasma marginale has been 
reviewed by Dikmans (1950), Piercy (1956) and Ewing (1981). Success­
ful transmission experiments as listed in the reviews and reported in 
original papers are detailed in Table 1-1 for Tabanidae, Culicidae, 
Muscidae and Chloropidae, Tables 1-2 and 1-3 for Ixodidae and Argasi- 
dae and In Table 1-4 for Instrument transmission.
Table 2 indicates that experimental results have shown (1) trans- 
ovarial transmission of Anaplasma marginale with the ticks Boophilus 
decoloratus, Boophilus microplus, Boophilus annulatus, Dermacentor 
andersoni, Hyalomma lusitanicum, Rhipicephalus slums and Ixodes 
ricinus. and (2) transtadial transmission of anaplasmosis in which 
nymphs had engorged as larvae and adults had engorged as nymphs on 
infected animals with the ticks Rhipicephalus bursa, Rhipicephalus 
sanguineus, Dermacentor andersoni, Ixodes scapularis, Dermacentor 
variablis, Dermacentor occidentalis and Dermacentor albipictus. Neitz 
(1956) had also included the ticks Boophilus calcaratus of northern 
Caucasus and Haemaphysalis cinnabarina punctata as capable of trans- 
ovarial transmission.
Kocan, Hair and Ewing (1980) and Kocan (et al 1982) have demon­
strated and described the morphology of the Anaplasma organism in gut 
tissues and gut epithelial cells of Dermacentor andersoni and Derma­
centor variablis. The studies indicated where the organism remains 
viable for the long periods of time required In transovarial and 
transtadial transmission.
Table 3 details successful Anaplasma marginale transmission 
experiments that involved interruption of engorgement on infected 
animals and transfer of the ticks to permit completion of engorgement 
on susceptible animals. The fowl tick Argas persicus would not be 
considered epidemiologically involved in the transmission of anaplas­
mosis even though this tick was shown to experimentally transmit.
Transovarial Transmission
Concerning transovarial transmission of anaplasmosis, negative 
experimental results using the one-host tick Boophilus microplus were 
reported by Connell and Hall (1972), Leatch (1973), Uilenberg (1973), 
Connell (1974) and Thompson and Roa (1978). However, Connell and Hall 
(1972) had observed interhost transfer of immature and adult Boophilus 
microplus and successful transmission of anaplasmosis between an 
infected and a susceptible steer. The susceptible steer had been free 
of ticks when first penned with the infected steer that had been 
infested with larvae. Uilenberg (1973,1976) reported similar results 
in an experiment that he had conducted and he suggested that this 
spontaneous transfer of a small percentage of Boophilus microplus 
ticks from one host to another needed to be investigated as to its 
frequency of occurrence, in order to explain the vector role of 
Boophilus. This transfer of larvae and adults from infested to unin­
fested cattle was observed to occur under field conditions in Zimbabwe 
(Mason and Norval 1981).
Stiller, Leatch and Kuttler (1981) investigated the capability of 
the one-host tick Dermacentor albipictus for transovarial transmission 
of anaplasmosis and got negative results. However, transtadial trans­
mission and transfer of males from an infected to a susceptible calf 
were successful experiments. The authors concluded that interhost 
transfer by adults and immatures of one-host ticks such as Dermacentor 
albipictus and Boophilus microplus may be important in the natural 
transmission of anaplasmosis. Hence, the importance of transovarial 
and transmission of anaplasmosis by the one-host ticks Boophilus 
decoloratus and Boophilus annulatus is questionable.
Hereditary transmission with the larval progeny of an engorged 
Dermacentor andersoni female tick collected in Wyoming and reported by 
Howell, Stiles and Moe (1941a) has not been shown by other investiga­
tors. Rees and Avery (1939) and Rozeboora, Stiles and Moe (1940) had 
negative results on one susceptible calf used in each study. Anthony 
and Roby (1966) were unsuccessful in 36 transovarial transmission 
trials. A probable successful hereditary transmission in which para­
sitized erythrocytes were observed in the blood of the susceptible 
calf was reported by Sanborn, Stiles and Moe (1938). The calf died 
from strangulation before confirmation of the transmission was made.
Transtadial Transmission
Dermacentor andersoni, Dermacentor variablis and Dermacentor 
occidentalis have been shown experimentally to be capable of transmit­
ting Anaplasma marginale transtadially, however, in nature this may 
not occur with any significance as these are three-host ticks with 
larvae and nymphs feeding principally on rodents. Similarly, Ixodes 
scapularis is a three-host tick with its larvae and nymphs feeding 
primarily on birds, small mammals and occasionally lizards. Rhipi­
cephalus sanguineus is a three-host tick which almost exclusively
attacks dogs in the U.S. and a wide variety of mammals and ground 
feeding birds elsewhere.
TABLE 1-1 EXPERIMENTAL TRANSMISSION OF ANAPLASMOSIS FROM CLINICAL CASES AND 
CARRIERS TO SUSCEPTIBLE ANIMALS WITH INSECTS
Insect
Tabanus abactor Immediate transfer from 2 clinical cases to 2 susceptible 
animals (110 and 170 fly bites)
Howell 
et al 1941
Tabanus abactor Immediate and deferred transfer from an acute case to a 
susceptible animal (61 direct and 18 deferred fly bites)
Howell 
et al 1941
Tabanus americanus Immediate transfer from a clinical case to a susceptible 
animal (122 fly bites)
Howell 
et al 1941
Tabanus atratus Immediate transfer from a clinical case to a susceptible 
animal by approximately 15 flies
Morris 
et al 1936
Tabanus erythraeus Immediate and deferred transfer from an acute case to a 
susceptible animal (154 direct and 1 deferred fly bites)
Howell 
et al 1941
Tabanus equalis Immediate and deferred transfer from 2 acute cases to 2 




Tabanus fumipennis Immediate transfer by approximately 100 flies from a 
clinical case to a susceptible animal
Sanders
1933
Tabanus fusciostatus A total of 272 fly bites over 4 days given to a susceptible 




Tabanus oklahomensis Immediate transfer from a clinical case to a susceptible 
animal (13 fly bites)
Howell 
et al 1941
Tabanus sulcifrons Immediate transfer from a clinical case to a susceptible Howell






















Immediate transfer from a carrier to a susceptible 
animal (86 fly bites)
Howell 
et al 1941
Immediate transfer from a carrier to 3 susceptible animals Lotze & Yiengst 
1941
Immediate transfer from a carrier with parasitemia to 2 
susceptible animals. One susceptible received a total 
of 131 bites over 2 days and the second received 81 fly bites.
Lotze 1944
Immediate and deferred transfer from 2 acute cases to 2 




Immediate and deferred transfer from a carrier case to a 
susceptible animal (47 direct and 68 deferred fly bites)
Howell 
et al 1941
Immediate and deferred transfer from an acute case to a 
susceptible animal (25 direct and 18 deferred fly bites)
Howell 
et al 1941
Inoculation of a suspension of 223 proboscises of flies Abramov and
that had fed on clinical cases into 2 susceptible animals Grobov
and transfer of 12 flies to a susceptible animal that had 1968
fed on the clinical cases to a 3rd animal.
Immediate and deferred transfer from a carrier case to a Howell
















Six susceptible calves became Anaplasma positive through 
fly bites immediately subsequent to having fed on a donor 
calf with parasitemia level of 56-87%. Fly bites ranged in 
number from 10-50 for the 6 calves. A further 6 susceptible 
calves became Anaplasma infected through transfer of flies 
from 3 donor calves having a parasitemia of 36-87%. The 
number of fly bites ranged from 10-25 with- delay periods 
being 3 minutes to 2 hours.
Calves injected with a single macerated horse fly that had 
fed on a steer in the acute stage of anaplasmosis at post­
feeding intervals of 30 min, 4 hr and 1 and 2 days became 
infected. Anaplasmosis did not occur in calves injected with 
the 3, 4 and 7 day post-feeding horseflies. Tabanus atratus was 
used for the 3 day post-feeding injection and Tabanus proximus 
was used for the 4 and 7 day post-feeding injections.
Calves injected with macerated eye gnats that had fed on 
Anaplasma infected blood 30 min, 1, 2 and 3 days earlier 
became infected; those gnats injected similarly but 1, 2 
and 3 weeks post-feeding did not.
A total of 198 of the Psorophora spp fed on a convalescing 
clinical case over 4 days and were transferred each day to 
a susceptible animal. 21 Aedes aegypti were used in a 
similar manner over 3 days followed by 22 Psorophora 
ciliata for 1 day.
A total of 1525 individual mosquitoes fed on a clinical 
case 3 days and the mosquitoes that fed each day were 















Stomoxys calcitrans Immediate transfer by several hundred flies from a 
clinical case to a susceptible animal.
Sanders
1933
TABLE 1-2 EXPERIMENTAL TRANSMISSION OF ANAPLASMOSIS FROM INFECTED TO
SUSCEPTIBLE ANIMALS WITH TICK STAGES
Tick Stage Engorging on Stage Engorging on
Infected Animal Susceptible Animal
Boophilus annulatus adult larva Rees 1934
adult larva Kuttler, Graham & Johnson 1971
Boophilus decoloratus adult larva Theiler 1912
Boophilus microplus adult larva Quevedo 1916
adult larva Rosenbusch and Gonzalez 1927
adult larva Brumpt 1931
larva nymph Connell & Hall 1972
nymph adult Connell & Hall 1972
larva nymph Thompson and Roa 1978
nymph larva Thompson and Roa 1978
Hyalomma lusitanicum adult next generation adult Sergent et al 1945
Rhipicephalus simus adult larva Theiler 1912
Rhipicephalus bursa larva, nymph adult Brumpt 1931
Rhipicephalus sanguineus larva nymph Rees 1930a
larva nymph Rees 1934
pymph adult Rees 1934




Dermacentor andersoni nymph adult Boynton et al 1933
adult larva Howell et al 1941
larva nymph Rees 1933, 1934








Dermacentor variablis larva nymph Rees 1932
nymph adult Rees 1932
nymph adult Rees 1934
nymph adult Sanders 1933
larva nymph Anthony & Roby 1962
nymph adult Anthony & Roby 1962
larva nymph Anthony & Roby 1966
nymph adult Anthony & Roby 1966
nymph adult Kocan, Teel & Hair 1980
nymph adult Kocan et al 1980
1981
Dermacentor occidentalis adult larva Boynton et al 1936
nymph adult Howarth 1973
Dermacentor albipictus nymph adult Boynton et al 1936
nymph adult Bram and Roby 1970
larva nymph Stiller, Leatch 
and Kuttler
1981
Ixodes ricinus adult larva Zeller & Helm 1923
adult larva Helm 1924
TABLE 1-3 EXPERIMENTAL TRANSMISSION OF ANAPLASMOSIS FROM CLINICAL CASES AND









Three partially engorged female ticks and A males removed 
from a clinical case and placed 6 days later on a 
susceptible animal. Male tick placed on a second 





Male removed from a clinical case and placed 2 hours 
later on a susceptible animal. One male placed 1 
day later on another susceptible animal. One tick 




Immediate transfer of nymphs and adults from a 









Ticks fed on infected animal for 2 days, kept in a 
laboratory for 15 days and then placed on a 





Two males were fed on an infected animal, removed and 
42 days later transferred to a susceptible animal. 
Maceration of 25 males that had fed on an infected 




Thirty nymphs and fifty adults were transferred 











Ten males, fed on an infected calf, removed and 60 
days later placed on a susceptible calf. Six males 
fed on an infected calf, removed and 108 days later 
placed on a susceptible calf. Fourteen males fed 
on an infected calf, removed and 197 days later 
placed on a susceptible calf.
Anthony 1966 
and Roby
Ticks of various ages were transferred from a donor 
calf that had a 4% parasitemia to 7 splenectomized 
susceptible calves. One calf received 4-day old 
ticks, 2 received 11 day old and 2 calves received 
21-day old male ticks.
Leatch 1973
Forty male ticks transmitted Anaplasma marginale 
after being removed from a calf with a tick- 
transmitted infection and a parasitemia near 20%, 
held off the host for 1 hour and for 4 hours, 





Successful transmission was achieved with 20 partially 
engorged females and with 50 partially engorged females 
plus 30 partially engorged nymphs removed from a calf 
having a 20% parasitemia and placed on two 
susceptible steers, respectively. Twenty-two adult 
males transmitted anaplasmosis after removal from 












Approximately 180 adult Rhipicephalus simus from a 
batch known to be infected with Anaplasma marginale 
were used to infest and infect an ox. Fifty male 
ticks were manually removed from this animal's ears 
9 days after infestation. These ticks were triturated 
and a stabilate was prepared which was injected intra­
venously into 2 susceptible oxen. Both became infected.
Nymphs of each species were placed on infected cows, 
allowed to feed, the engorged nymphs allowed to molt 
in a humidity chamber and then the newly emerged adults 
placed on uninfected cows. On post-attachment day 5 
and 7 gut and salivary gland homogenates were made for 
injection into separate cows - for each tick species and 
for each homogenate.
Nymphs were placed on an infected cow, allowed to feed, 
the engorged ticks then removed to allow for molting in 
a humidity chamber and finally the newly emerged adults 
were placed on an uninfected cow. Gut tissues were 
collected from 50 adult ticks on post-attachment day 6 
and the homogenate inoculated into a susceptible cow.
Homogenates of gut tissue from unfed, incubated and 
feeding adult ticks of both species that were infected 
as nymphs were all infective. The prepatent period 
varied according to the treatment of ticks after they 
had molted to the adult stage. Prepatent periods of 
infections in calves resulting from unfed adult ticks 
was 29 and 34 days longer than the prepatent periods 
that developed in calves exposed to homogenated tissue 












Dermacentor andersoni Eight susceptible, splenectomized dairy calves were Kocan
each inoculated with gut homogenate from 50 adult et al*
ticks. The nymph stage of these ticks had fed on
two infected calves with high parasitemia and two
infected calves with low parasitemia. The nymphs
were allowed to molt in a humidity chamber and the
newly emerged adults kept under these conditions for
one month until incubated at 37°C for 2.5 days and
gut tissues removed. Homogenates of ticks that had
fed on infected calves with lower parasitemia
induced infections with longer prepatent periods.
1983 *
TABLE 1-4 EXPERIMENTAL TRANSMISSION OF ANAPLASMOSIS FROM CLINICAL CASES AND
CARRIERS TO SUSCEPTIBLE ANIMALS BY INSTRUMENTS
Means
Infected lancet Immediate transfer from infected to 2 susceptible 
animals.
Rees 1930b





Five beef heifers were inoculated with saline 
solution, using an automatic syringe which was 
first used on an anaplasmosis carrier. One 
heifer, inoculated immediately after the carrier 
cow, became infected with anaplasmosis.
Each of 4 splenectoraized calves were inoculated 
with 0.50 ml of blood from Anaplasma—infected 
calves. The blood was dropped into the 
conjunctival sac, 0.25 ml per eye. All 4 calves 
became infected with Anaplasma marginale with 






Anaplasma marginale Infection of Wild Ruminants and Other Animals
Domestic and wild ruminants often cohabit rangeland areas in most 
countries and are subjected to contact with tick and other insect 
vectors of anaplasmosis. Studies in the past have shown that a number 
of wild ruminants are susceptible to experimental infection with 
Anaplasma marginale (Table 1-5).
The epizootiology of the disease in wild animals has been inves­
tigated in areas where contact with cattle has existed. Prevalence of 
Anaplasma antibodies in some wild species has been found to be quite 
high. The serological tests used in such studies, however, were shown 
to have false positive reactions as inoculation of blood or pooled 
blood into susceptible animals failed to transmit the disease. Even 
where this confirmatory procedure had been done, there may have been a 
delay in the collection of the blood from the wild animal to subinocu­
lation of the susceptible animal. No doubt there must have been 
Insult to the infectivity of the organisms present in the blood col­
lected. In some studies pooling of blood samples for subinoculation 
into susceptible animals was done without serology of the animal sera 
and hence this precluded any estimate of the prevalence of infection 
in the wild animals collected. Finally, the problem of anti-comple­
mentary reactions and suspicious and apparently low-titered reactions 
with the CF test for Anaplasma antibodies portrayed the unsuitability 
of this test for use on wild animal sera.
Brief synopses of the reports on anaplasmosis In wild animal 
species are presented below.
TABLE 1-5 Experimental Infection of Wild Ruminants
bighorn sheep (Ovis canadensis canadensis)
(Howe, Hepworth, Blunt & Thomas 1964)
pronghorn antelope (Antilocapra americana americana)
(Howe, Hepworth, Blunt & Thomas 1964)
Columbian black-tailed deer (Odocolleus hemionus columbianus)
(Christensen, Osebold & Rosen 1958) 
(Christenson, Osebold, Harrold & Rosen 1960)
Rocky Mountain mule deer (Odocoileus hemionus hemionus)
(Boynton and Woods 1933)
(Howe, Hepworth, Blunt & Thomas 1964)
white-tailed deer (Odocoileus virginianus)
(Ristic and Watrach 1961)
elk (Cervus canadensis canadensis)
(Howe, Hepworth, Blunt & Thomas 1964)
black wildebeest (Conochaetes gnu)
(Nietz 1935; Neitz 1965)
blesbuck (Damaliscus albifrons)
(Neitz and DuToit 1932; Neitz 1965)
duiker (Sylvicapra grimmta)
(Neitz and DuToit 1932; Neitz 1965)
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Columbian Black-Tailed Deer
In 1939 Boynton and Woods collected blood from seven Columbian 
black—tailed deer, pooled the blood samples and injected the blood 
into a young cow. Anaplasmosis subsequently developed in the recipi­
ent cow. Blood smears of three of the deer had shown Anaplasma para­
sitized erythrocytes. This investigation had been prompted by spora­
dic outbreaks of anaplasmosis on cattle ranches in the foothill areas 
of California.
Osebold (et al 1959) described inoculations into calves and fawns 
of blood obtained from wild Columbian black-tailed deer in two areas 
of the Coast Ranges of California. Forty-one deer were trapped on a 
5000 acre field station during the last half of 1957. The field sta­
tion had not been available to cattle since 1952 except for up to four 
milk cows and carried no more than 12 cattle at any one time during 
the previous 27 years. Ten of 14 calves (13 had been splenectomized) 
inoculated with pooled or individual samples of blood from the deer 
developed anaplasmosis. No Anaplasma bodies were observed in the 
blood smears of deer and most of the deer serum samples were negative 
or suspicious to the CF test.
In October 1957, 23 deer were collected from four premises in 
northern San Benito County. Clinical anaplasmosis in cattle had been 
common in this area. Seven of eight splenectomized calves that were 
inoculated with pooled and individual blood samples developed anaplas­
mosis. Anaplasma bodies were not seen in blood smears of these 23 
deer either and serum CF test reactions were negative to suspicious 
only.
Christensen, Osebold and Rosen (1959) investigated the presence 
of infection in Columbian black-tailed deer in southern San Benito 
County. Eighteen deer were collected on four cattle ranches in Febru­
ary 1957. Serum samples were either negative or suspicious only to 
the CF test for anaplasmosis. Blood smears of all deer samples failed 
to show any presence of Anaplasma bodies. Twelve of 18 splenectomized 
calves inoculated with blood from individual deer developed Anaplasma 
infections.
Blood taken from four deer in the western slope of the Sierra 
Nevada foothills of California transmitted anaplasmosis when pooled 
and inoculated into a non-splenectomized calf. The deer were crosses 
between Columbian black-tailed deer and mule deer. The study was 
conducted to show the presence of Anaplasma marginale in deer of this 
area of California (Christensen and McNeal 1967).
Howarth (et al. 1969) conducted a study to provide additional 
information on the prevalence of infection in Columbian black-tailed 
deer. Blood samples were collected from 41 deer in Mendocino County 
in the Coast Ranges of California. Thirty-three deer had been collec­
ted in 1968 and 1969 from the 5000-acre field station that had been 
the source of deer for the study of Osebold (et al. 1959). The sta­
tion had not been available to cattle since 1952 except for two or 
three occasions when small groups of cattle were pastured for three- 
month periods. The other eight deer were collected from a ranch where 
clinical cases of anaplasmosis in cattle were seen each year. Blood 
from the deer was inoculated into individual non—splenectomized calves 
and 23 of the 41 deer blood samples infected calves with Anaplasma 
organisms. Serum from each deer was tested for the presence of
specific antibodies using the CF and CTA tests while plasma was used 
to conduct the RCA test. The CF test had identified only five of the 
infected deer along with three false positives, the CTA test had iden­
tified 13 of the infected deer and one false positive and the RCA test 
had identified 11 of the infected deer and had five false positives.
Deer had been collected on the same field station in Mendocino 
County during 1969-1971 and in December 1974, and on a private cattle 
ranch in Tehama County in February 1975. Some of the results of the 
deer blood samples collected in 1969 were presented in the previous 
report (Howarth et al 1969). With blood of 35 deer inoculated into 
individual non—splenectomized calves, 21 calves became infected. The 
MRCA test correctly identified the 21 infected and 14 non-infected 
deer (Howarth, Hokama and Amerault 1976).
The transmission of anaplasmosis by ticks obtained from Columbian 
black-tailed deer of the Coast Ranges of California was effected in 
two of five splenectomized calves. The ticks collected were Derma­
centor occidentalis and Ixodes pacificus (Osebold, Douglas and 
Christensen 1962). The carrier status of experimentally infected 
Columbian black- tailed deer was shown in three deer to be at least 11 
months (Christensen et al 1960).
White-Tailed Deer
Bedell and Miller (1966) failed to demonstrate the presence of 
Anaplasma infection in 262 adult white-tailed deer by subinoculation 
of their blood Into susceptible calves. The deer had been collected 
in seven southeastern states where anaplasmosis was present in cattle.
Serologically the deer showed a 0.4% seroposltivity to the CTA and to 
the CF tests.
Howe and Hepworth (1965) did not find Anaplasma infection in 49 
white-tailed deer collected in Wyoming during the 1963 hunting season. 
Blood samples from these deer had been pooled and inoculated into a 
splenectomized calf and sheep with negative transmission results. 
Serum samples from 30 of the deer, however, revealed one positive, one 
suspect and 25 anti-complementary to the CF test for Anaplasma anti­
bodies .
A high reactor rate was found by Robinson (et al 1968) in serum 
samples collected from white-tailed deer in three counties of Texas 
where anaplasmosis was enzootic in cattle. Of 30 deer serum samples 
tested by the CTA test for Anaplasma antibodies, 14 were found posi­
tive. No subinoculations were done to confirm the test results.
Maas and Buening (1981) investigated for serological evidence of 
Anaplasma marginale in white-tailed deer of Missouri. Of 616 serum 
samples collected from hunter-killed deer, seven, or 1.1%, were posi­
tive by the MRCA test. The small home range of the deer, thus limit­
ing contact with cattle and horseflies being the primary vector, were 
suggested as reasons for the low prevalence of infection.
Smith (ct al 1982) looked for serologic evidence of Anaplasma 
marginale infection in white-tailed deer in southern Illinois. During 
1981, serum samples of 175 live-trapped and hunter-killed deer were 
tested using the CTA test and 12, or 6.9%, of the deer were found 
seropositive. Seven, or 13%, of 54 serum samples collected from 
cattle that had been grazing in the wildlife refuge from where the 
majority of the deer were obtained, were seropositive for
anaplasmosis. Dermacentor albipictus was the only vector of Anaplasma 
marginale found parasitizing deer in the wildlife refuge of this 
study.
Mule Deer
Blood samples obtained and pooled by area of origin in Wyoming 
from 180 mule deer and inoculated into five splenectomized calves and 
sheep, induced clinical anaplasmosis in only one calf. The blood
samples had been obtained during the 1963 hunting season. Serum that 
was obtained from 104 of the clotted blood samples and tested by the 
CF test for Anaplasma antibodies showed two positive, seven suspect 
and four anti- complementary. The seven suspect and one of the posi­
tive test serums were from blood samples that when pooled and inocula­
ted did not induce anaplasmosis (Howe and Hepworth 1965).
Peterson, Kistner and Davis (1973) investigated the presence of 
Anaplasma marginale infection among mule deer in three anaplasmosis 
enzootic areas of Oregon and whether specimens of Dermacentor albipic­
tus collected from mule deer were able to transmit Anaplasma marginale 
to susceptible calves. Blood and ticks were collected from 31 mule 
deer. Each of five non-splenectomized calves received pooled blood 
from five deer and one received pooled blood from six deer. Anaplas­
mosis did not occur in any of the calves during a 106-111 day post­
inoculation observation period. Ticks, which were mainly Dermacentor 
albipictus but also D. andersoni, were fed on three splenectomized 
calves, one calf for the live ticks of each area. None of the three 
calves became infected.
Upon considering the previous studies of Anaplasma infection in 
mule deer in Oregon and Wyoming, investigators looked into the ana­
plasmosis carrier status of free-roaming mule deer in Idaho. Pooled 
blood samples that had been collected from 87 deer trapped along the 
Idaho-Utah border were inoculated into three splenectomized calves. 
Acute anaplasmosis was induced in two of the three inoculated calves, 
and blood from these three calves caused anaplasmosis when subsequent­
ly inoculated into adult non- splenectomized cattle. Serum from the 
87 deer revealed 13 or 14.9% positive to the MRCA test, however, only 
three of the 13 gave at most suspect reactions to the CF test. A 
serologic survey for anaplasmosis in 1852 cattle that cohabited spring 
and summer rangeland areas with mule deer revealed 14.5% reactors by 
the MRCA test (Magonigle et al 1975; Renshaw et al 1977).
Elk
In Wyoming, Howe and Hepworth (1965) investigated the presence of 
anaplasmosis in 168 elk obtained during the 1963 hunting season. 
Blood was pooled, according to the region of the state where the elk 
had been collected, and inoculated into five splenectomized c,alves and 
sheep. No transmission of anaplasmosis occurred despite the fact that 
of 163 serum samples CF tested, 25 were positive, 65 were suspect and 
one was anti-complementary.
Similar false-positive reactions in CF testing of elk serum had 
been reported by Post and Thomas (1961). Of 12 captive elk tested 
three times over a three-month period, the serum samples for the most 
part reacted positively on each of the three test occasions, yet 
pooled blood inoculated into two calves failed to transmit 
anaplasmosis.
Howe (et al 1964) had portrayed the unreliability of the CF test 
on elk sera. Serum samples from elk known negative for anaplasmosis 
tested 63% suspicious and 5% false-positive. After experimental 
infection with Anaplasma, the elk serum samples tested 81% positive. 
Splenectomized elk were shown to carry the organism after experimental 
infection for at least 339 days as shown by subinoculation into a 
susceptible elk.
Renshaw (et al 1975) and Vaughn, Renshaw and Frank (1976) inves­
tigated the occurrence of infection among elk in the Clearwater 
National Forest of north central Idaho using the MRCA (serum and 
plasma) and CF tests. Of blood samples from 27 free-roaming elk, 
there were none positive, nine suspicious and eight trace reactions to 
the CF test. Of 16 of the 27 samples tested using plasma with the 
MRCA test, none showed a reaction whereas two of the 27 samples react­
ed positively when serum was used with the MRCA. Anaplasma bodies 
were not observed in stained smears of elk blood. Subinoculation of 
pooled blood into three non-splenectomized calves did not show any 
response of infection transmission. The pooled blood was from 11 elk 
which included four trace and four suspicious CF test reactors and the 
two serum MRCA test reactors.
Renshaw, Magonigle and Vaughn (1979) and Magonigle and Eckblad 
(1979) showed that elk which were inoculated with either 0.5 or 50 ml 
of freshly collected heparinlzed blood from anaplasmosis carrier 
cattle became serum and plasma MRCA test positive. Clinical signs of 
anaplasmosis were not seen in the elk. When blood was subinoculated 
into splenectomized calves two and 12 months after experimental 
infection of the elk, each calf developed serologic, hematologic and
clinical evidence of anaplasmosis. Hence, the carrier state was shown 
to persist in the elk for at least one year.
Pronghorn Antelope
Howe and Hepworth (1965) investigated the presence of anaplasmo­
sis in 316 pronghorn antelope collected during the 1963 hunting season 
in Wyoming. The blood samples were pooled according to the six areas 
from where the antelope had been obtained and were inoculated into six 
splenectomized calves and sheep. Despite no evidence of transmission 
of anaplasmosis to recipient animals, 224 serum samples of the ante­
lope showed 136 positive, eight suspect and 79 anti-complementary to 
the CF test for Anaplasma antibodies. Howe (et al 1964) had shown 
false-positive reactions in known-negative antelope using the CF test 
for Anaplasma antibodies.
Similar results had been obtained by Jacobsen, Worley and Hawkins 
(1977) who tested 26 pronghorn antelope of eastern Montana. Eight 
susceptible calves were inoculated within 45 minutes with pooled blood 
from two of four antelope; none of the calves developed anaplasmosis. 
Of 25 serum samples tested, 18 gave 4+, one gave 3+ and six gave anti- 
complementary reactions to the CF test. The positive CF tests were 
considered false positive and the CF test was considered not useful 
for determining the status of Anaplasma marginale infections in 
antelope.
Bison
Blood was collected at slaughter from 132 adult American bison 
raised in an anaplasmosis endemic area where the vector Dermacentor
andersonl was indigenous. Anaplasma bodies were not seen on blood 
smears and CF and MRCA tests on all serum samples were negative for 
Anaplasma antibodies. Eleven anaplasraosis-susceptible calves each 
inoculated with 204 ml of blood pooled from 12 bison did not develop 
anaplasmosis (Peterson and Roby 1975).
Kuttler (1985) has reported the experimental infection of three 
bison calves that received inoculations of blood from diseased cattle 
in Idaho. After a year of observation the bison calves remained 
healthy carriers.
Other Animals
The susceptibility of the blesbok, duiker, and black wildebeest 
to experimental infection with Anaplasma marginale had been reported 
(Table 1-5). In 1966 Borcklesby and Vidler described Anaplasma-like 
organisms in blood smears of giraffe, wildebeest and buffalo of East 
Africa. In the blood smears of the buffalo the organisms resembled 
Anaplasma centrale. Lohr and Meyer (1973) examined a blood smear from 
a captured common giraffe in Kenya and found 26% of the erythrocytes 
parasitezed by Anaplasma organisms indistinguishable from Anaplasma 
marginale. The giraffe died shortly after blood sampling and post­
mortem examination revealed a very anemic carcass. A severe infection 
of anaplasmosis presumed to be Anaplasma marginale was seen in an 
immature giraffe being shipped from East Africa to Europe in 1972. 
The giraffe died in a very anemic condition and had a 13.3% parasite­
mia (Augustyn and BIgalke 1974).
Anaplasma organisms were isolated in three splenectomized calves 
following Inoculation with blood from wildebeest, Coke's hartebeest
and Thomson's gazelle, one species per calf, and the organisms were 
morphologically indistinguishable from Anaplasma marginale. Sera 
taken five months post-inoculation reacted strongly on the IFA test 
with antigen prepared from wildebeest-derived Anaplasma organisms and 
equally or less strongly on the IFA test with antigen prepared from 
cattle-derived Anaplasma marginale. However, challenge of these three 
calves at this time with cattle-derived Anaplasma marginale revealed 
little protection present as two of the three calves died and one 
survived severe anaplasmosis. In two calves which had received blood 
from Grant's gazelle and the impala, Anaplasma organisms were not seen 
and their sera remained negative on the IFA test. Most of the serum 
samples that had been obtained from the 50 game animals reacted posi­
tively to the IFA test using Anaplasma marginale and Anaplasma 
centrale antigens. The authors stated that despite the close anti­
genic relationship between Anaplasma organisms of game animals and A. 
marginale they were unable to conclude whether antelope carriers posed 
a danger to cattle, especially in light of the mild reaction observed 
in receptor calves of Anaplasma- infected antelope blood and the lack 
of post-inoculation protection in the calves against challenge with 
Anaplasma marginale (Lohr and Meyer 1973).
Lohr, Ross and Meyer (1974) tested sera of 1505 game animals 
comprising 19 different species in East Africa and Zambia for anti­
bodies to Anaplasma marginale using either the CTA test or IFA test or 
both. Antibodies appeared to be more prevalent in sera of antelope 
grazing in the vicinity of cattle where dipping with acaracides was 
not practiced than In sera of antelopes grazing in the vicinity of 
dipped cattle or where cattle were sparse in population. Anaplasmosis
reactors were found in the following species: common giraffe, eland, 
hartebeest, wildebeest, topi, Grant's gazelle, Thomson's gazelle, 
impala, common and Defassa's waterbuck, reedbuck, common bushbuck, 
African buffalo, black rhinoceros and the warthog. Antibodies to 
anaplasmosis were not found in the African elephant, Burchell's zebra, 
hippopotamus, oryx, and oribi. The authors of this study do point out 
the possibility of cross-reactivity due to Anaplasma centrale and the 
sensitization of animals refractory to Anaplasma sp. infection from 
contact with infective ticks.
Kupper, Walters and Tscharf (1983) immobilized with tranquilizer 
23 apparently healthy kob (Kobus kob) that were located in the Comoe 
National Park of the Northern Ivory Coast. Blood smears made revealed 
that 8, or 34.9%, of the kob had Anaplasma marginale organisms 
present.
Ajayi (et al 1984) investigated the presence of anaplasma anti­
bodies utilizing three different serological tests in 28 dromedaries 
at slaughter. Serum samples from 3 of these one-humped camels were 
positive with tltres of 1:80 and 1:160 in the IFA test.
Blood smears from a total of 282 wild Bovidae from Mgamiland, 
Botswana were examined for the presence of blood parasites. Of 190 
African buffalo, 23 impala, 10 blue wildebeest, 18 tsessebe, one 
eland, 13 lechwe, 16 kudu and 11 sable antelope, Anaplasma marginale 
was found in 54, or 28.4%, of the buffalo (Carmichael and Hobday 
1975).
Serum samples from 74 buffalo and 59 impala of eight localities 
in Zimbabwe tested positive for Anaplasma antibodies by the CTA test 
in 27% of the buffalo and 46% of the impala serum samples. The sera
had been collected over several years and stored frozen (Norval et al 
1984).
Blood smears of a total of 124 sable antelope from various game 
reserved in the Transvaal, South Africa and Zimbabwe were examined and 
only one was found positive for Anaplasma organisms. A sable antelope 
calf developed a parasitemia of 12% after splenectomy. Blood from 
this sable calf when injected into a splenectomized sheep and bovine 
induced no clinical Infection in either, only a few marginal bodies in 
the sheep blood smear and a positive CF test in the sheep. It 
appeared that even though the organisms in the sable antelope morpho­
logically resembled Anaplasma marginale, there was a distinct differ­
ence from the organisms that usually infect cattle (Thomas, Wilson and 
Mason 1982).
Blood taken from an African giant rat in Nigeria transmitted 
Anaplasma marginale when inoculated into a splenectomized calf. The 
organism first appeared in the calf's blood three days after inocula­
tion and disappeared at nine days after inoculation. The presence of 
Anaplasma marginale in the blood of giant rats captured in Abadan, 
Nigeria had been observed and reported previously (Dipeolu, Akinboade 
and Adetunji 1981).
CHAPTER II
INCIDENCE OF CLINICAL ANAPLASMOSIS IN THE RED RIVER PLAINS 
AND SOUTHEAST AREAS OF LOUISIANA
Introduction
Incidence rates of clinical anaplasmosis have been estimated in 
only two states in the recent past. In California, Goodger, Carpenter 
and Riemann (1979) had determined the incidence rate to be 1.85% in 
beef cattle. The incidence of clinical cases of anaplasmosis In beef 
cattle of Texas was estimated at 0.276% (Alderink 1982).
Louisiana was known to be enzootic for anaplasmosis even before 
the serious morbidity and mortality losses of 1958 reported by Oglesby 
(1963). The incidence of the disease has not been determined and 
without this the economic importance of anaplasmosis to Louisiana 
cannot be estimated.
The purpose of this study was to determine the yearly incidence 
of clinical cases of anaplasmosis as seen in dairy and beef cattle of 
two important beef and dairy production areas of Louisiana. A second­
ary objective was to describe the clinical cases as to intrinsic host 
determinants and spatial and temporal distribution.
Louisiana is divided agriculturally into nine farming areas. For 
the present study the two areas under investigation were the Red River 
Plains and the Southeast area. DeSoto Parish of the Western area was 
included in the Red River Plains area for the purposes of this study. 
Thus the Red River Plains area comprised six parishes and the South­
east area comprised eight parishes (Figure II-l).
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FIGURE 1 Map of Louisiana portraying the two study areas and the 14 
parishes involved. Parishes of the Red River Plains area are (1)
Bossier, (2) Caddo, (3) De Soto, (4) Red River, (5) Natchitoches and (6) 
Rapides. Parishes of the Southeast area are (7) West Feliciana, (8) East 
Feliciana, (9) East Baton Rouge, (10) St. Helena, (11) Livingston, (12) 
Tangipahoa, (13) Washington and (14) St. Tammany.
The 1983 census estimate of beef cows for these areas was 185,720 
or 29% of the 634,000 State total of beef cows, operated by an estima­
ted' 4883 producers. The 1983 estimate of dairy cows for the two areas 
was 75,545 cows or 76% of the 99,500 State total of dairy cows, opera­
ted by 801 dairies of a total of 929 dairies in the State (Louisiana 
Cooperative Extension Service 1984).
Materials and Methods 
Incidence Determination - Dairy Cattle 
The 1983 and 1984 incidence of clinical cases of anaplasmosis as 
seen by individual dairy producers was achieved through post card 
questionnaires sent each year to dairies located within the study 
areas. A list frame detailing the dairy owner's name, address, parish 
location, milk permit number and average daily milk poundage produced 
had been obtained from the Milk and Dairy Division, Louisiana Depart­
ment of Health and Human Resources. The 1983 postal survey used the 
July 1983 list frame and the 1984 survey used the July 1984 list.
The post card questionnaires requested the dairy producer to 
indicate the number of animals that became affected (but survived) 
with anaplasmosis, the number of animals that became affected and 
died, or were found dead, from anaplasmosis and the average number of 
animals in the herd during the year for each of three categories: 
dairy heifers (one year of age to first calf), cows and breeding 
bulls. A fourth question asked the respondent If vaccination against 
anaplasmosis had been done in the dairy herd in any of the three pre­
vious years. A cover letter accompanies each postage paid post card 
to detail the purpose of the survey, a request for cooperation,
explanation of the four questions, a request to answer the questions 
»
for all cattle if more than one dairy herd was owned, a statement of 
confidentiality, where to phone if there were questions concerning the 
survey and the identification of the investigator.
The 1983 survey was sent to all 801 dairies located within the 
two study areas, 80 dairies of the Red River Plains area and 721 
dairies of the Southeast area. This was the complete list of dairies 
operating in the two areas as of July 1983. The 1984 survey was
mailed to 74 dairies of the Red River Plains area and 695 dairies
located in the Southeast area for a total mailing to all 769 dairies
operating as of July 1984. The questionnaires were sent the first 
week of February 1984 and 1985.
Post cards received with all questions answered excepting the 
question on the average numbers of dairy heifers, cows and bulls, had 
the cow herd size estimated from the herd average daily milk produc­
tion. Parameters used in these computations were the 1983 annual 
average milk production per cow of 10,400 lbs and for herds on the 
Louisiana Dairy Herd Improvement Association (DHIA) program, 12,256
lbs (Louisiana Cooperative Extension Service 1984), a 300 day lacta­
tion period and an estimate of 15% of the cows being dry at any one 
time. Similar computations were used for post cards received for the 
1984 survey which did not have the number of animals in the herd 
recorded. The 1984 annual average milk production per cow was 10,700 
lbs and for herds on the DHIA program 12,109 lbs (Louisiana Coopera­
tive Extension Service 1985).
Incidence Determination - Beef Cattle 
The 1983 incidence of clinical cases of anaplasmosis as seen by 
individual cow-calf producers was achieved through post card question­
naires sent to producers located within the study areas. The list 
frame of names and addresses of producers was obtained from the indi­
vidual parish County Agents of the Louisiana Cooperative Extension 
Service. Unlike the dairy list frame, this list was incomplete and 
not up-to-date. A number of names were deleted from this list such as 
those of veterinarians and names that appeared to be of businesses 
which provide services to cattle owners. Producers in Livingston and 
St. Helena Parishes were not contacted with this survey because pri­
marily only small marginal producers are present in these Parishes.
The post card questionnaires asked the respondent to indicate the 
number of animals that became sick (but survived) with anaplasmosis, 
the number of animals that became sick and died, or were found dead, 
from anaplasmosis and the average number of animals in the herd, dur­
ing the year 1983 for each of two categories: cows (including heifers 
over two years of age) and breeding bulls. A cover letter similar to 
that sent to the dairy producers accompanied the postage paid post 
card. The questionnaires were sent to the beef producers near the end 
of April 1984. A total of 1908 producers were mailed the question­
naire.
Survey of Veterinary Practices 
Names of veterinarians located in the study areas and listed in 
the 1984 American Veterinary Medical Association Directory having type 
of practice specified as bovine, large animal, and mixed (predominant­
ly large or small and half large-half small) were used. With the 
assistance of the State Extension Veterinarian a number of names were 
excluded as they were considered to be of small animal clinicians with 
essentially no cattle practice. Veterinarians in parishes and other 
states bordering the study areas were not contacted in the survey.
Forms for recording anaplasmosis cases seen in each month of 1983 
were sent in June 1983 to each of the veterinarians along with a 
letter of explanation of the purpose of the survey and intent to con­
tact them personally in the early part of 1984. Information that was 
requested for each month of 1983 included the owner's name, herd loca­
tion, description of the case (dairy, breed, sex) and the veterinary 
service cost for each case. Clinical and post mortem diagnoses along 
with serological tests and blood smear examination if used for labora­
tory confirmation, were the basis of the recorded entries. The infor­
mation was collected from the veterinarians during the first half of 
1984. Information collected was limited to recall of the 1983 cases 
by practitioners that had not used the forms for recording.
Follow-Up on Clinical Cases of Anaplasmosis
Follow-up was made to collect information on the clinical cases 
reported by the respondents of the dairy and beef postal surveys and 
those reported by veterinarians for 1983. Collection of the informa­
tion was done by three methods with the use of a questionnaire form. 
The questionnaire was mailed, with repeat mailing used for nonre­
sponse, to producers that had experienced one to three cases of 
anaplasmosis. An interview with the producers to collect the informa­
tion was the second method and the third method was an interview with
the producer to introduce the questionnaire and leave it for comple­
tion and return by mail. The latter two methods were used for produ­
cers that had greater than three clinical cases in 1983. The location 
of the individual producer's premises had been Identified on parish 
road maps with the assistance of County Agents.
Information was collected on the clinical cases of anaplasmosis 
to obtain data for a descriptive epidemiological study of anaplasmosis 
in Louisiana and an economic analysis of the losses and costs associa­
ted with -the disease. Information collected for the present study 
included sex, age, breed, month of clinical infection, survivor body 
weight loss and time for recovery, outcome (died or culled), and stage 
of gestation.
Results
Incidence Determination - Dairy Cattle 
The 1983 postal survey of dairy producers received 156 replies 
for a response rate of 156/801 or 20%. Twenty of the replies had not 
completed the question on the average number of heifers, cows or bulls 
in the herd(s) during 1983 and the cow herd size was estimated by the 
method described above. The 1984 postal survey of dairy producers 
received 191 replies for a response rate of 191/769 or 25%. Thirteen 
of these replies had to have the cow herd size estimated.
For 1983 the incidence rates for dairy heifers and cows was 0.11 
and 0.33% with the anaplasmosis case fatality rates being 33.3 and 
44.9%, respectively. The 57 cases of anaplasmosis were reported by 17 
producers. The distribution of the 49 clinically affected dairy cows 
according to cow herd size groups were 6, 37 and 6 for herd size
groups 50-100, 100-150 and 150-175, respectively. For 1984 the inci­
dence rates for dairy heifers and cows were 0.20 and 0.21% with the 
anaplasmosis case fatality rates being 23.5 and 40.5%, respectively. 
The 59 cases of anaplasmosis were reported by 15 producers. The dis­
tribution of the 42 clinically affected dairy cows according to cow 
herd size groups 25-50, 50—100, and 100-150 was 14, 14, 13 and 1, 
respectively. Similar rates for dairy bulls were not computed as the 
number of clinically affected bulls in 1983 and the population of 
bulls were too few for accurate estimates of incidence and case fatal­
ity rates.
The percent of the study area cow population represented by the
1983 survey was 14,644/75,545 or 19% and for the 1984 survey 
20,277/72,625 or 28%. Table 1 presents the results of the 1983 and
1984 dairy cattle anaplasmosis survey.
Vaccinations against anaplasmosis were carried out on herds of 
4/156 respondents only of the 1983 survey. Two of these herds were 
vaccinated in 1981, 1982 and 1983, one herd in 1981 and 1982 and one 
herd in 1982 and 1983. From the 1984 survey, 11/191 respondents had 
indicated vaccination of their cows against anaplasmosis within the 
previous three years 1982, 1983 and 1984. Two herds had vaccinated 
each of the three years.
Incidence Determination - Beef Cattle
The response rate for the 1983 beef cow-calf anaplasmosis survey 
was 427/1760 or 24%. Of the 1908 questionnaires mailed, 148 respon­
dents indicated that they no longer had or never had a beef cattle 
operation. These responses were not included in the response rate
determination. The survey revealed incidence rates of 0.31 and 0.50% 
with anaplasmosis case fatality rates of 53 and 50% in cows and bulls 
respectively. The percent of the study area cow and bull population 
represented by the survey was 36,753/185,720 or 20% and 1601/7429 or 
22%, respectively.
Table 2 presents the results of the 1983 beef cattle anaplasmosis 
survey.
Survey of Veterinary Practices 
A total of 42 veterinary practices provided service to cattle 
owners within the study areas. This was a significant reduction in 
the number of veterinarians originally contacted as a number of veter­
inarians had changed their practice to being exclusive of cattle 
attendance, the large animal component of some practices was equine 
and a number of veterinarians were involved in group practices. 
Information on cases attended to during 1983 was collected on a prac­
tice basis.
Twenty of the practices reported no anaplasmosis cases seen 
during 1983 and three practices provided no information for the 
survey. There were 56 clinical cases of anaplasmosis in beef cattle 
(54 cows and 2 bulls) attended to by veterinarians in the study areas. 
Forty clinical cases in dairy cattle were seen, diagnosed in 19 
herds.
Follow-Up on Clinical Cases of Anaplasmosis 
Additional information was obtained on 170 of the clinical cases 
in beef cattle and 86 clinical cases in dairy cattle. Of the 256
100
Table II-l Results of the 1983 and 1984 dairy producer postal surveys for
clinical cases of anaplasmosis
Number of animals that 
survived anaplasmosis
Number of animals that 
died or were found dead 
from anaplasmosis
Total number of 
animals in herds
Incidence rates (%)
Case fatality rate (%)
Dairy Heifers Dairy 












0.21 -  0
40.5 0 0
Table II-2 Results of the 1983 beef cow-calf producer postal 
surveys for clinical cases of anaplasmosis
Beef Cows 
(including heifers) 
over 2 yrs of age) 
Number of animals that 54
survived anaplasmosis
Number of animals that 61
died or were found dead 
from anaplasmosis
Total number of 36,753
animals in herds






Case fatality rate (%) 53.0 50.0
animals 245 were female, 103 or 40.2% died during or after treatment 
or were found dead, 17% of the survivors had a recovery period of one 
month, 35.6% of the survivors had a recovery period of two months, 
10.5% of the survivors were culled and most of the cattle, 79.7%, were 
considered being pregnant at the time of clinical disease.
The average weight loss due to anaplasmosis in 94 beef cow survi­
vors was 138 lbs, with a range of 100 to 300 lbs. In 5 beef bull 
survivors the average weight loss was 220, with a range of 150 to 300 
lbs. Of 53 dairy cow survivors the average weight loss of 195 lbs 
over a range of 25 to 450 lbs was found and 1 dairy bull survivor lost 
100 lbs during the clinical episode.
The 256 cases had been seen in 113 herds, ranging from 1 to 21 
cases per herd. Table 3 presents the distribution of clinical cases 
according to breed or breed description. The beef cross bred animals 
which represented 47.3% of the cases were of cattle of mixed breeding 
that precluded any classification into a breed type. It is probable 
though that the majority of these cattle were of Hereford and Angus 
crosses with Brahman and other breed influences.
Table 4 presents the distribution of 256 cases according to age 
in years. Eighty-one percent of the clinical cases occurred in cattle 
4 to 6 years of age.
Table 5 presents the temporal distribution of the 256 clinical 
cases. Eighty-eight percent of the cases occurred over the 3 months 
July, August and September. The spatial distribution of the clinical 
cases according to parish location is presented In Table 6.
TABLE II-3 Distribution of 256 Clinical Cases of







Brahman cross Angus 3 1.2
Brahman Cross 1 0.4
Beef Cross Bred 121 47.3
Hereford cross Angus 12 4.7
Hereford 2 0.8
Hereford Cross 11 4.3
Holstein 84 32.8
Jersey 2 0.8
Red White Face 1 0.4
Shorthorn 1 0.4
White Face 13 5.1
Total 256
TABLE II-4 Distribution of Clinical Cases of
Anaplasmosis as to Age
Age Number of
(yrs) Clinical Cases Percent
2 5 to • o
3 11 4 .3
4 53 2 0 .7
5 119 4 6 .5
6 36 14 .1
7 22 8 .6
8 6 2 .3
9 1 0 .4
12 3 1 .2
Total 256
TABLE II-5 Distribution of Clinical Cases of

















TABLE II-6 Distribution of Clinical Cases of
Anaplasmosis as to Parish Location
Parish Number of
Location Clinical Cases Percent
Bossier 60 23.4
Caddo 17 6.6
De Soto 7 2.7
East Baton Rouge 6 2.3




Red River 24 9.4
Tangipahoa 37 14.4




For the incidence determinations carried out in this study two 
list frames were used. While the dairy list frames were up-to-date, 
the beef cow-calf producer list frame was not and contained numerous 
names and addresses of persons who no longer owned cattle or who mere­
ly provided services to producers.
The dairy cattle anaplasmosis survey was based on a survey of the 
complete list of dairies in the study areas. A random sample actively 
pursued for complete response could have provided an unbiased estimate 
of the incidence. A sample of one fourth the dairies or the 75,545 
dairy cows present in the study areas and using an estimate of the 
incidence rate as 0.2% would give a projected 38 cases of anaplasmosis 
Taking into account that dairy herd clusters were sampled, 38 would be 
a satisfactory number of events required for high accuracy of the 
incidence rate (Leech and Sellers 1979). This accuracy would depend 
on the proportion of dairies sampled including the same proportion of 
cattle and the 0,2% estimate of incidence being near to actual.
The incidence rates in dairy cows differed considerably between 
the two years. Despite this difference, the high non-response rates 
of both surveys lends to questioning the accuracy of the incidence 
rates achieved. Sub-sampling of the non-respondents to determine if 
the two samples had the same incidence rate or even to assess the 
direction of bias was not done.
A random sample of the beef cow-calf producer could not be envis­
aged. This list frame was neither complete nor up-to-date and how 
representative it was of the beef cattle producers of the study areas 
could not be ascertained.
The anaplasmosis incidence determination in California beef 
cattle had been based on information obtained from food-animal practi­
tioners, livestock farm advisors and cow-calf producers (Goodger, 
Carpenter and Riemann 1979). The incidence rate determined by 
Alderink (1982) in Texas beef cattle, however, like the present study 
was based on a direct postal survey of the producers. Of 2297 cattle 
producers surveyed, a response rate of 21.7% was achieved. A sub­
sample of the non-respondents revealed 0.03 cases per response in 
comparison to 0.46 cases per response of the survey respondents. This 
would seem to indicate that over-reporting did in fact occur. The 
Texas anaplasmosis case fatality rate was 35.9% which was less than 
that of clinically affected beef cattle in the present study. The 
majority of beef production in Louisiana occurs on farms where it is a 
secondary enterprise to crops or simply not the owner’s primary source 
of income. Early detection of disease in cattle as a result must 
suffer and case fatality rates rise.
The proportions of the various breeds within the reference popu­
lation was not known so any true breed susceptibility to clinical 
infection could not be ascertained from the study results. Besides, 
the breed group with the highest percent of clinically affected ani­
mals was only categorized as beef cross bred, which offered little for 
speculation on breed susceptibility.
Susceptibility comparisons between Bos indicus and Bos taurus 
breeds of cattle for experimentally induced anaplasmosis revealed no 
real differences (Wilson 1979; Wilson, Parker and Trueman 1980a; Otim, 
Wilson and Campbell 1980). Rogers and Shiels (1979) found Brahman 
cross animals, which comprised over half the beef population in south-
ern Queensland, were involved in only 7.9% of anaplasmosis field out­
breaks. Herefords on the other hand were involved in 61.9% of the
outbreaks. The greater susceptibility of Herefords and Bos taurus
breeds in general to Boophilus microplus infestation was suggested as 
the reason for their majority involvement in the outbreaks.
Over 81% of the 256 cases occurred in cattle 4 to 6 years of age; 
94% of the reported cases were greater than 3 years of age. The 
postal survey of beef producers was only addressed to the population 
of cows 2 years of age and older and the dairy cattle survey addressed 
to cattle greater than 1 year of age. Apart from this fact it was 
doubtful whether younger cattle were observed afflicted with anaplas­
mosis. Nothing can be said about the mean age of the beef and dairy 
cattle populations in respect to the proportion of cases observed for 
each age.
In the study of Rogers and Shiels (1979) of 277 outbreaks, 6.9% of the
cattle were less than 1 year of age, 57.9% were 1 to 3 years of age
and 55.2% were greater than 3 years of age. Hence, considerably more 
young cattle were observed than in the present study.
The distribution of 256 cases according to month of occurrence 
coincided well with the seasonal occurrence and relative abundance of 
the Tabanidae. The period of greatest abundance of the Tabanidae in 
Louisiana occurs from mid-May through the first part of July, followed 
by a reduction in the tabanid population during late July and most of 
August. A second peak is evident during late August through mid- 
September (Wilson 1960, 1963; Tidwell 1973).
Wilson (1960) had found a correlation to exist between the abun­
dance of tabanids and incidence of anaplasmosis in 4 parishes of 
Louisiana. The horse fly abundance was determined during the 1959 
tabanid season and the average monthly incidence of anaplasmosis was 
computed from four year averages, 1955-59. In the 4 parishes the peak 
in average monthly incidence occurred within 12 to 14 weeks following 
the peak in horse fly activity. The incidence, however, began to rise 
at the time of the peak in horse fly abundance and these early clini­
cal cases, it was suggested, provided the highly infective blood for 
horse fly transfer.
Wiesenhutter (1975c) found the monthly incidence of anaplasmosis 
on a dairy farm in Tanzania to be highly related to the monthly 
frequency of Tabanus taeniola, 8 weeks previous.
In the present study the peak in incidence occurred in August. 
If June was considered the month of peak horse fly abundance, the 
highest monthly incidence of anaplasmosis occurred 4 to 12 weeks 
following it.
CHAPTER III
PREVALENCE OF ANAPLASMOSIS IN THE RED RIVER PLAINS AND 
SOUTHEAST AREAS OF LOUISIANA
Anaplasmosis was first reported from Louisiana in 1924 (Giltner 
1928). Its seriousness was illustrated in 1958 when estimates of 
17,000 cattle deaths and 85,000 others with clinical illness and 
recovery were reported for the State (Oglesby 1963; McDowell et al 
1964). In the same year a serological survey using the complement 
fixation (CF) test on sera from 9,v563 animals in 360 herds revealed 
that 24.6% of the herds were infected and 13.1% of the animals were 
reactors (McDowell et al 1964). From blood testing of cattle for 
anaplasmosis and from animal-disease reports from practicing veterin­
arians, the U.S. Department of Agriculture (1963) portrayed Louisiana 
to be for the most part an enzootic area for anaplasmosis.
In 1969 an anaplasmosis field study was initiated in which 18 
herds of 4079 cattle were tested for anaplasmosis. Of those tested, 
1874 (45.9%) serum samples were found rapid card agglutination (RCA) 
test positive and/or CF test positive and suspect. The herds were 
located in four different areas of the state where anaplasmosis was 
known to be active and where herd owners had agreed to participate in 
the test and tetracycline treatment program (Henderson 1969).
McCallon (1973) reported the findings of the first six months of 
the USDA National Anaplasmosis Survey 1972-1973. Of 122 blood samples 
obtained from Louisiana cattle, 21 positive and one suspect reactors 
were found by the CF test for anaplasmosis. The samples had been 
collected from backtagged cattle at slaughter establishments.
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Hugh-Jones (personal communication, 1984) had tested 11,603 serum 
samples from 274 herds utilizing the modified rapid card agglutination 
(MRCA) test. The serum samples had originated from herds being blood 
tested under the Brucellosis Eradication Program. A total of 631 
serum samples (5.4%) were MRCA test positive. It was assumed that the 
cattle from which the blood samples were obtained had not been vaccin­
ated against anaplasmosis in the recent past.
The present study was to determine the prevalence of Anaplasma 
marginale antibodies present in the dairy and beef cattle populations 
of two areas in the State. Six parishes of the Red River Plains area 
and eight parishes of the Southeast area of the State comprised the 
study areas. The study areas represented 29% of the State's total 
beef cows and 76% of the State’s total dairy cows. Seventy-seven 
percent of the 1983 State total milk production was produced in these 
two areas (Louisiana Cooperative Extension Service 1984).
A secondary objective was to conduct serology for Anaplasma anti­
bodies in Brahman and Brahman cross herds belonging to one owner in 
Plaquemines Parish of southern Louisiana. The herds were made up of 
assembled cattle brought in from other states during 1980-82 and in 
which numerous clinical cases of anaplasmosis had occurred in 1982.
Materials and Methods
Sample Size Requirements
The unit of interest in this study was the individual blood- 
sampled animal with the reference population being the beef and dairy 
cattle population two years of age and older located within the Red 
River Plains and Southeast areas of Louisiana.
Using an estimate of the prevalence of Anaplasma antibodies in 
the Louisiana cattle population two years of age and older of 6%, a 1% 
significance level and a 1% error rate, a randomly selected sample of 
3743 animals was indicated.
Serum Samples
Surplus serum was collected from whole clotted blood samples that 
had been submitted from May 10, 1983 to September 30, 1983 to the 
State Diagnostic Laboratory under the Brucellosis Eradication Program. 
The serum (hemolysed or non-hemolysed) was decanted from the clotted 
blood into individual plastic vials that were identified according to 
the vial number of the Brucellosis Test Record. Brucellosis reactor 
or suspect serum samples were for the most part not available for 
collection. Photocopies of the Brucellosis Test Record were made to 
obtain the information on herd owner and address, date bled, herd size 
(breeding animals), herd type, vial and animal identification, age 
(usually specified as adult), breed and sex. The sera were kept 
frozen at -40°C until tested.
A second source of serum samples was from the bovine serum bank 
of the Department of Epidemiology and Community Health, Louisiana 
State University, School of Veterinary Medicine. Serum samples that 
originated from herds within the two study areas were collected from 
this bank. These specific serum samples had been herd collected 
during the period April 19, 1982 to April 17, 1984, and amounted to 
2046 samples from 47 herds of 43 owners. There were 1037 serum 
samples from cattle that had been blood sampled in 1982, 679 in 1983 
and 330 in 1984. The serum samples in this serum bank Included only
non-hemolyzed samples and In herds of over 100 animals, only the first 
100 non-hemolysed samples were present. The serum bank had received 
its herd blood samples through the Brucellosis Eradication Program and 
all herd blood samples were accompanied with the Brucellosis Test 
Record. Again, brucellosis reactor or suspect serum samples were
usually not available.
From both sources, the number of serum samples amounted to 11,085 
from 209 herds of 194 owners, 5983 being from beef and 5102 being from 
dairy cattle. Of the 11,085 serum samples, 520 were from repeat blood 
sampling of animals; a period of one month to one year existed between 
the two collections.
A total of 2371 serum samples were obtained from eight beef herds 
of the one owner in Plaquemines Parish. The blood sampling of these 
cattle had been conducted under the Brucellosis Eradication Program 
during the period August 1 to September 11, 1983. The surplus serum 
along with photocopies of the Brucellosis Test Records were collected 
as detailed above.
All herds were found not to have been vaccinated against anaplas­
mosis, at least the cattle present in herds in 1983. The information 
on the vaccination status of herds was collected for a descriptive 
epidemiological study of anaplasmosis in Louisiana of which this 
prevalence survey was a component.
Indirect Fluorescent Antibody Test Antigen
The IFA antigen was prepared from Anaplasma marginale infected 
erythrocytes according to the method of Gonzalez, Long and Todorovic 
(1978), Goff and Winward (1983) and Wagner and Long (personal communi­
cation 1983).
A non-splenectoraized 5 month-old calf that had been Inoculated 
with blood from a carrier calf was used to provide a 50 ml inoculum of 
whole blood of 14% parasitemia and 14% packed cell volume (PCV). The 
50 ml of blood was collected into a heparin rinsed syringe and the 
blood was centrifuged at 1000 G for 10 minutes at 5DC. The supernat­
ant and buffy coat were decanted. The erythrocytes were washed with 
cold (5°C) phosphate buffered saline (PBS) of pH 7.2-7.4, 3 volumes 
per volume of erythrocytes three times using centrifugation as detail­
ed above and decanting of the supernatant. The erythrocytes were 
suspended in 3 volumes of PBS per volume of cells and Inoculated by 
intravenous injection into a splenectomized 7 month-old calf.
On Day 12 post-inoculation, 500 ml whole blood was collected by 
suction pump into a 1000 ml flask containing 25 ml of a 12% sodium 
citrate solution. The PCV was 16% and the parasitemia 36% at the time 
of collection. The blood was immediately centrifuged at 1000 G for 10 
minutes at 5°C and washed with cold PBS three times as detailed above. 
The erythrocytes were resuspended to a 500 ml volume with cold PBS and 
given intravenously to a second 7 month-old splenectomized calf.
On Day 7 post-inoculation in the latter calf 500 ml whole blood 
was collected by suction pump into 500 ml Alsever’s solution in a 1000 
ml flask. The PCV was 18% and the parasitemia was 25%. The blood 
collected into Alsever's solution was immediately centrifuged at 1000 
G for 10 minutes at 5°C. The supernatant and buffy coat were decanted 
and the erythrocytes washed 3 times with cold PBS as above. The
erythrocytes were suspended in cold PBS containing 1% bovine serum
albumen to a PCV of 20% for the cell suspension. Moderately thick
blood smears were made on 75 x 25 mm microscope slides with frosted
ends, covering the entire clear surface with blood. The slides were 
allowed to dry on the laboratory counter and were then placed face 
down on the sticky surface of one-inch masking tape. The sllde-tape 
combination was folded on itself and placed in cardboard slide boxes 
and stored at -40°C.
Conjugate
Two commercially available preparations were used. Fluorescein- 
labelled anti-bovine IgG F(ab)2 fragment conjugate3 and whole 
molecule conjugate^, with the same batch number for each brand of 
conjugate used. The conjugate was diluted 1:320 with FBS and this 
dilution was appropriate for both conjugates.
IFA Test Procedures
The IFA test procedure was performed, with modifications, accord­
ing to the methods of Gonzalez, Long and Todorovic (1978), Goff and 
Winward (1983) and Wagner and Long (personal communication 1983). The 
required number of blood-antigen slides were removed from the -40°C 
freezer and the slides were allowed to thaw at room temperature in a 
dessicator for approximately 15-20 minutes before removing the masking 
tape from the slides. The slides were placed in acetone held at -20°C 
for one minute, allowed to come to room temperature, dipped 3 times in 
a staining dish of cold (5°C) PBS and then allowed to dry by standing 
the slides on end over paper towels•
'aCappel Laboratories. Cochranville PA.
^Miles Laboratories, Inc. Elkhart IN.
Serum dilutions of 1:125 with PBS were made with the bovine serum 
that had been removed from the freezer the night before and allowed to 
stay at room temperature until tested the next day. Dilutions were 
made in micro-titration plates and mixing of the serum and PBS was 
done with the use of a micro-shaker.
Twenty wells were circumscribed on the dry blood-Anaplasma anti­
gen slides using nail polish. This allowed for testing 18 test serum 
dilutions and positive and negative control serum dilutions. The 
positive control serum was obtained from an Anaplasma marginale carri­
er animal and had a CF titer of 1:10, an IFA titer of 1:800 and was 
negative with the MRCA test. The negative control serum was obtained 
from an animal that had been raised in the anaplasmosis-free state of 
Wisconsin. This serum was negative when tested with the CF, IFA and 
MRCA tests. Approximately 15 yl of serum dilution were placed in each 
well. The slides were placed flat on the ledges of a plastic micro­
scope slide box containing wet paper towels and then placed in an 
incubator at 37°C for 45 minutes. After incubation the slides were 
washed with cold PBS using an aspirator bottle and were then washed in 
a glass staining dish with the use of a magnetic stirrer for 15 
minutes. The slides were removed and placed on end on paper towels 
and allowed to dry at room temperature. Approximately 15 yl of dilu­
ted conjugate was placed in each well and a second moist chamber incu­
bation was done at 37°C for 45 minutes. The slides were again washed 
as after the first incubation and placed in a glass staining dish of 
cold PBS under refrigeration until read as positive or negative under 
an epi-fluorescent microscope.
A batch of blood Anaplasma-antigen slides was provided by the 
Department of Veterinary Parasitology, Texas A & M University3, 
hence, two sources of test slides were used in IFA testing of serum 
samples.
Statistical Analysis
Frequency tables of IFA test results according to area, parish, 
sex, farm type, breed group, age group, herd size group and month of 
collection were tested by chi-square analysis for difference of 
expected and observed frequencies.
Results
The IFA test results for Anaplasma antibodies revealed a preva­
lence rate of 860/11,085 or 7.8% for the two study areas. The reactor 
rate for the Red River Plains area was 575/4273 or 13.5% and for the 
Southeast area 285/6812 or 4.2% (P = 0.0001). Of the 6812 serum sam­
ples originating from cattle in the Southeast area, 4099 had been ob­
tained from dairy cattle. Furthermore, comparison of IFA test results 
of beef and dairy cattle serum samples revealed 668/5983 or 11.2% and 
192/5102 or 3.8% were positive respectively (P = 0.0001). Serum sam­
ples from female animals were positive in 818/10,768 or 7.6% compared 
with 42/317 or 13.3% of serum samples from male animals (P = 0.0003).
Of the 209 herds from which the serum samples originated, 86 
herds did not exhibit reactors for Anaplasma antibodies from the serum 
samples tested. Hence the herd infection rate was 123/209 or 58.9% of 
the herds with one or more reactors.
aDr. Gale Wagner, Mr. Ray Long
Table 1 indicates the reactor rates found in each parish and por­
trays the higher reactor rate found in the Red River Plains area as 
compared with the Southeast area. Table 1 categorizes the parish 
findings into the number of beef and dairy herds and serum samples 
tested.
The results of the IFA test for Anaplasma antibodies according to 
breed grouping are presented in Table 2. The Angus and Angus cross 
breed group appeared to have the highest reactor rate of 20.3% and the 
Hereford and Hereford cross breed group showed a 11.4% reactor rate. 
It can be assumed that for the beef nondescript breed group, the Here­
ford and Angus breeds predominated followed by Brahman breed
influence.
Although the majority of cattle tested had been classified as 
adults in the age column of the Brucellosis Test Records, for those 
animals with recorded ages there does appear to be a dramatic increase 
In reactor rate between cattle four years of age and younger and 
cattle over four years of age. Table 3 presents the results of the 
IFA test for Anaplasma antibodies according to age grouping for the 
beef and dairy cattle serum samples tested.
Results of the IFA test according to herd size grouping are 
detailed in Table 4. Table 5 presents the IFA test results according
to the month of collection. There does not appear to be any trend for
increase in reactor rates over the vector season of May to September. 
The limited number of samples in the early months of the year may be 
responsible for the lack of any observed reactpr rate trend.
Of the beef herds in Plaquemines Parish belonging to one owner 
and that had experienced a number of clinical cases of anaplasmosis
TABLE III-l Results of Indirect Fluorescent Antibody Test for
Anaplasma Antibodies According to Parish Location
Number of Serum Samples
Parish Beef    Dairy_ All*
#Herds Tested Positive (%) #Herds Tested Positive (%) Positive (%)
Bossier 9 748 140 (18.7) 2 735 48 (6.5) 188 (12.7)
Caddo 18 993 17 (17.5) - - - 174 (17.5)
DeSoto 5 215 18 (8.4) 2 187 11 (5.9) 29 (7.2)
East Baton Rouge 14 845 49 (5.8) 4 713 14 (2.0) ■ 63 (4.0)
East Feliciana 16 516 25 (4.8) 4 292 11 (3.8) 36 (4.5)
Livingston 6 53 6 (11.3) 1 1 - 6 (11.1)
Natchitoches 18 664 96 (14.5) 1 74 17 (23.0) 113 (15.3)
Rapides 13 507 62 (12.2) 1 7 - 62 (12.1)
Red River 6 143 9 (6.3) - - - 9 (6.3)
St. Helena 1 3 _ 5 489 16 (3.3) 16 (3.3)
St. Tammany 14 582 52 (8.9) - - - 52 J8.9)
Tangipahoa 10 553 28 (5.1) 27 1982 44 (2.2) 72 (2.8)
Washington 9 146 7 (4.8) 20 622 31 (5.0) 38 (5-0)
West Feliciana 3 15 2 (13.3) - - - 2 (13.3)
Totals 142 5983 668 67 5102 192 860
*P = 0.0001 120
TABLE III-2 Results of the Indirect Fluorescent Antibody Test for
Anaplasma Antibodies According to Breed Grouping.
Number of Serum Samples 
Tested Positive* (%)
Angus & Angus Cross3 866 176 (20.3)
Beef Nondescript^ 1130 111 ( 9.8)
Brahman & Brahman Crossc 2046 181 ( 8.9)
Hereford & Hereford Cross^ 992 113 (11.4)
Holstein & Holstein Crosse 4713 203 ( 4.3)
Other Beef Breeds^ 633 64 (10.1)
Other Dairy BreedsS 705 12 ( 1.7)
Totals 11,085 860
aAngus (592); Angus-Hereford (129); Angus Cross (145).
^Beef Crossbred (925); Black (19); Black White Face (42); Red (37);
Red White Face (107). 
cBrahman (540); Braford (75); Brangus (312); Brahman Cross (1119). 
^Hereford (884); Hereford Cross (108). 
eHolstein (4655); Holstein Cross (58).
^Beef Master (139); Charolais & Charolais Cross (265); Chianina,
Devon, Galloway, Gelbray, Gelbvieh, Longhorn, Red Poll, Shorthorn, 
Texas Longhorn (62); Simmental & Simmental Cross (58); Santa 
Gertrudis (99).
^Ayrshire (1); Brown Swiss (75); Dairy Cross Bred (2); Guernsey 
(495); Guernsey Cross (15); Jersey (90); Jersey Cross (27).
*P= 0.0001
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TABLE III-3 Results of the Indirect Fluorescent Antibody Test for
Anaplasma Antibodies According to Age Grouping
Number of Serum Samples
Age
(Months) Beef Dairy All*







Positive (%) Positive C 
1 (1.1)
13 - 24 192 2 (1.0) 116 5 (4.3) 7 (2.3)
25 - 36 103 2 (1.9) 65 1 (1-5) .3 (1.8)
37 - 48 83 3 (3.6) 51 1 (2.0) 4 (3.0)
49 - 60 110 10 (9.1) 76 10 (13.2) 20 (10.8)
61 - 72 132 15 (11-4) 87 6 (6.9) 21 (9.6)
73 - 84 113 10 (8.9) 37 2 (5.4) 12 (8.0)
85+ 134 10 (7.5) 32 4 (12.5) 14 (8.4)
"Adult" 5026 615 (12.2) 4636 163 (3.5) 778 (8.1)
Totals 5983 668 5102 192 860
*P = 0.0001
TABLE III-4 Results of Indirect Fluorescent Antibody Test for Anaplasma
Antibodies According to Herd Size Grouping
Herd Size Number of Serum Samples
Grouping  Beef_________  Dairy_______ All*
Tested Positive (%) Tested Positive (%) Positive (%)
1 - 1 9 369 39 (10.6) 88 5 (5.7) 44 (9.6)
20 - 49 1373 153 (11.1) 372 12 (3.2) 165 (9.5)
50 - 99 1183 181 (15.3) 1117 45 (4.0) 226 (9.8)
100 - 149 1511 173 (11.5) 1543 60 (3.9) 233 (7.6)
150 - 199 722 93 (12.9) 590 6 (1.0) 99 (7.6)
200 - 249 84 1 (1.2) 512 22 (4.3) 23 (3.9)
400+ - - 669 29 (4.3) 29 (4.3)
Not Specified 741 28' (3.8) 211 13 (6.2) 41 (4.3)
Totals 5983 668 5102 192 680
*P = 0.0001
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TABLE III-5 Results of Indirect Fluorescent Antibody Test for Anaplasma
Antibodies According to Month of Blood Collection
Month of 
Collection Beef
Number of Serum Samples 
Dairy All*
Tested Positive (%) Tested Positive (%) Positive (%'
January 135 13 (9.6) 192 1 (0.5) 14 (4.3)
February 72 23 (31.9) 88 11 (12.5) 34 (21.3)
March 259 12 (4.6) - - 12 (4.6)
April 297 32 (10.8) 90 - 32 (8.3)
May 306 53 (17.3) 179 18 (10.1) 71 (14.6)
June 1903 227 (11.9) 963 22 (2.3) 249 (8.7)
July 1059 55 (5.2) 1305 61 (4.7) 116 (4.9)
Augus t 1007 134 (13.3) 1646 57 (3.5) 191 (7.2)
September 864 116 (13.4) 556 22 (4.0) 138 (9.7)
December 81 3 (3.7) 83 - 3 (1.8)
Totals 5983 668 5102 192 860
*P = 0.0001
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The previous year, the reactor rate was 1536/2371 or 64.8% positive 
for Anaplasma antibodies. The number positive per number of serum 
samples tested for each breed was Brahman 216/378 (57.1%); Brahman- 
Hereford Cross 428/742 (57.7%); Brahman-Angus Cross 695/933 (74.5%); 
Beef Cross Bred 137/201 (68.2%); and Santa Gertrudis 60/117 (51.3%). 
All 2371 serum samples had been obtained from female animals desig­
nated as adults on the Brucellosis Test Record.
Discussion
The parameter estimated in this study was the prevalence of 
Anaplasma antibodies in the adult cattle population of the Red River 
Plains and the Southeast areas of the State. For descriptive purposes 
the reactor rates were computed according to each area, parish, farm 
type, breed group, age group, sex, herd size group, and month of blood 
collection. These reactor rate determinations and the respective chi- 
square analyses were conducted on the results obtained for the princi­
pal objective of this study and did not represent a priori study 
objectives or hypotheses to test.
The study employed convenience sampling of herd clusters rather 
than random selection. For this reason a multiple of the sample size 
requirement was used. The herd clusters had been selected under 
brucellosis herd testing. The etiology and transmission of brucello­
sis being totally different from that of anaplasmosis should not have 
biased the sampling at the herd or individual animal levels. Only 131 
serum samples had been obtained from cattle less than two years of age 
and hence outside the study reference population. One of these 131 
serum samples tested positive. Removal of these test results from the
study had, however, no real Influence on the overall prevalence deter­
mined.
The 7.8% prevalence rate of Anaplasma antibodies in the cattle 
population of the study areas was considerably higher than the 5.4% 
prevalence rate reported by Hugh-Jones (personal communication 1984). 
The reference population of the latter survey was the adult cattle 
population of the entire State. Apart from the fact that the refer­
ence populations of each survey were different, the IFA test used in 
the present study was expected to indicate a greater reactor rate 
because of the reported high epidemiological sensitivity of the IFA 
test (Gonzalez, Long and Todorovic 1978; Wilson, Trueman, Spinks and 
McSorley 1978).
The apparent difference in reactor rates between the two areas of 
this study appeared to be a function of the farm type (dairy or beef) 
of cattle tested. In the Southeast area the serum samples originated 
mostly from dairy animals and the apparent difference between the 
reactor rates of dairy and beef cattle was quite large. Serum samples 
from male animals tested positive at a higher percent than serum 
samples from female animals. Although this finding was presented for 
description of the epidemiology of anaplasmosis only, there may exist 
a problem in that male animals on some farms are vaccinated against 
anaplasmosis even though vaccination on a herd basis was not reported 
by the owners. Recall of the fact that their bulls had been vaccina­
ted in the recent past may not have occurred. Hence, some of the 
positive reactions in male animals may in fact represent vaccination 
induced antibodies detected by the IFA test.
Concerning the reactor rates among the breed groups, it was dif­
ficult to suggest reasons for the apparent high reactor rate of the 
Angus and Angus Cross group- Host-finding of possible vectors of ana­
plasmosis, such as the Tabanidae, Culicidae and Simuliidae involves 
host odor, carbon dioxide and visual cues (Kettle 1984) and how Angus
bred cattle would influence such host-finding cannot be said. Wilson
(1963), however, had found a direct correlation between three colors 
of cattle and horse fly attraction, the order of preference being 
black, red and white, respectively. In fact little has been reported 
on reactor rates of anaplasmosis among several different breeds of Bos 
taurus cattle. Utterback, Stewart and Franti (1972) had found the 
highest proportion of positives among specified breed groups, in 
descending order, black white face, Angus, Hereford, Charolais, mixed 
breed, Shorthorn and Holstein of 9653 cattle tested for CF Anaplasma 
antibodies in Northern California. The serum samples of which the 
breed group was not specified did, however, have the highest reactor 
rate.
Although the majority of the cattle from which serum samples had
been obtained were categorized only as adults, of those that were aged
in years, there appeared to be a dramatic Increase in reactor rate 
between 4 and 5 years of age. Utterback, Stewart and Franti (1972) 
had tabulated the anaplasmosis CF test results for 11 herds in Cali­
fornia by age group and of 909 cattle tested, reactor rates for one-, 
two-, three-, four- and five-year old cattle and older were 4, 5, 11, 
18 and 31%. The anaplasmosis survey conducted by Hugh-Jones (personal 
communication 1984) found a substantial increase in reactor rates 
between 4 and 5 years of age. The majority of clinical cases seen
during 1983 occurred in cattle between 4 and 6 years of age, that Is, 
208 of 256 or 81% (Chapter II).
It was not possible to see any trend In the reactor rates over 
the different herd size groups. The low reactor rates seen for the 
greater than 200 herd size group was probably related to the serum 
samples tested being primarily from dairy cattle. Neither was a trend 
in reactor rates over month of blood collection found, however, the 
majority of blood samples had been collected during the months May to 
September. Hence, blood sample collections before and after the 
vector season were too few to compare with the collections made during 
the height of vector activity.
The high reactor rate that was found in the herds of southern 
Louisiana subsequent to an epizootic of anaplasmosis the previous year 
indicated that the clinically affected animals provided an exception­
ally good source of infective blood for vector transmission. Since 
all cattle had been recently assembled from out-of-state and no doubt 
were young two-year old cattle, a susceptible population was estab­
lished. The cattle were Brahman Cross animals and probably were 
obtained from southern states where anaplasmosis existed but not to 
the enzootic extent as in Louisiana. Although no IFA titers were 
determined, the vast majority of these serum samples immuno-fluoresced 
very strongly, suggesting high titers. Gates (et al 1957) had shown 
that Anaplasma-infected animals whose sera showed a high CF titer also 
had a high infectivity titer, that Is high dilutions of blood could 
transmit anaplasmosis by inoculation into susceptible animals. In 
these herds the Angus Cross animals showed the highest reactor rate of 
Anaplasma antibodies as was seen in the two study areas.
CHAPTER IV
ECONOMICS OF ANAPLASMOSIS IN THE RED RIVER PLAINS 
AND SOUTHEAST AREAS OF LOUISIANA
Introduction
Anaplasmosis has been recognized as a very costly cattle disease 
in the United States for many years. In 1942 it was estimated that 
the losses as a result of anaplasmosis were $100,000 annually (U.S. 
Department of Agriculture 1942). In 1954 the losses due to anaplas­
mosis were estimated to be $9 million or 0.276% of the total value of 
U.S. cattle production for the year (U.S. Department of Agriculture 
1954). In 1958 the estimated total loss from morbidity and mortality 
was $48 million, with an average of $35 million per annum for the 
years 1958-1961 (Oglesby 1963). The latest estimate of the anaplas­
mosis cost to the United States was in 1973 when an annual cost of 
$100 million with 50,000 - 100,000 cattle deaths per year was suggest­
ed (McCallon 1973).
In Louisiana detailed losses and costs of anaplasmosis have not 
been done. Oglesby (1963) estimated that 17,000 cattle died and
85,000 other cattle had clinical anaplasmosis with recovery, during 
1958 In Louisiana (McDowell et al 1964). The 1958 death losses from 
anaplasmosis were estimated to be $4 million (U.S. Department of Agri­
culture 1963).
The purpose of this study was to estimate the annual losses and 
costs incurred from anaplasmosis in two important cattle rearing areas
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of Louisiana, the Red River Plains and Southeast areas. The detailed 
losses and costs included value of cull loss, abortion loss, dairy cow 
milk production loss, mortality loss and treatment and prevention 
costs.
Materials and Methods
Information on anaplasmosis incidence rates, case fatality rates, 
survivor cull rates, case abortion rates, and treatment and prevention 
measures had been obtained from a 1983 descriptive epidemiological 
study of the disease in the Red River Plains and Southeast areas of 
Louisiana in 1983. Beef cow-calf and dairy producer surveys, inter­
views of veterinary practitioners and follow up to collect information 
on clinical cases of anaplasmosis reported by both producers and 
veterinarians had been used for the study. Tables IV-1 and IV-2 
present the epidemiological rates and outcome of clinical cases as 
obtained through the study.
The cattle populations to which the study referred and results 
extrapolated were 185,720 beef cows, 75,545 dairy cows and 7429 beef 
bulls, the latter estimated according to the ratio of one bull per 25 
cows. Extrapolation of the results were also made to the State popu­
lation of 634,000 beef cows, 99,500 dairy cows and 25,360 beef bulls 
(Louisiana Cooperative Extension Service 1984).
The 1983 market prices of animal commodities were used to assess 
the losses incurred due to anaplasmosis (Table IV-3). Pharmaceuticals 
and chemicals purchased for the prevention of anaplasmosis and for 
insect control were based on the 1983 prices of the most commonly used 
formulations (Table IV-4).
TABLE IV-1 Anaplasmosis Epidemiological Rates in Beef Cows, Beef 
Bulls and Dairy Cows of the Red River Plains and 
Southeast Areas of Louisiana, 1983
Rate Beef Beef Dairy
Cows Bulls Cows
a Anaplasmosis incidence rate (%) 0.31 0.50 0.33
a Anaplasmosis case fatality rate <%) 53 50 45
a Anaplasmosis case survival rate <%) 47 50 55
k Anaplasmosis survivor cull rate <%) 6.4 18.9
b Anaplasmosis case abortion rate (%) 1.0
aRate computed from results of 1983 beef cow-calf and dairy producer 
anaplasmosis survey.
^Rate computed from information collected on 256 clinically affected 
animals that had been reported by both producers and veterinary 
practitioners.
TABLE IV-2 Outcome of 256 Clinical Cases Reported by Producers 
and Veterinary Practitioners in the Red River Plains 
and Southeast Areas of Louisiana, 1983
Total # clinical cases
# that died
# that survived
# survivors that were culled
# receiving veterinary treatment
# receiving owner treatment
# cows that aborted
Beef Beef Dairy Dairy
Cows Bulls Cows Bulls
160 10 85 1
66 5 32
94 5 53 1
6 10
50 2 41
99 5 39 1





Slaughter Yield Grade 1 
(1000-1500 lbs)
^Beef Cows - Replacement (850 lbs)
cDairy Cows - Replacement (1100 lbs)
^ Beef Bull - Replacement (1250 lbs)
eMilk

















aU.S. Department of Agriculture, Livestock Detailed Quotations 
(Annual) Baton Rouge, Louisiana 1983.
kprice based on $6.00/cwt above slaughter utility value.
cAverage of 1983 Kentwood auction daily summaries for dairy 
replacements, medium frame.
^Estimated replacement bull value at $100/cwt.
^Louisiana Summary Agriculture and Natural Resources 1983, Louisiana 
Cooperative Extension Service (1984).
^Average of 1983 Alexandria auction daily summaries for beef baby 
calves (100 lbs).
TABLE IV-4 Value of Commodities Used in Anaplasmosis Prevention 
and Vector Control Measures in 1983
Commodity
Chlortetracyellne or Oxytetracycline 
feed medicationa























*Prices based on the 1983 product catalogs of the Omaha Vaccine 
Company, Omaha, NE and Fort Dodge Laboratories, Fort Dodge, IA.
aAureomycin 10, American Cyanamid, Wayne NJ 
^Liquamycin LA 200, Pfizer, Inc., New York NY 
cEctrin Ear Tags, SDS Biotech Corp., Painesville OH 
^Co-ral Emulsifiable Concentrate, Bayvet Division of Miles 
Laboratories Shawnee KS 
eSpotton, Bayvet Division of Miles Laboratories, Shawnee KS 
^Co-ral Cattle Dust Bag (Refill), Bayvet Division of Miles 
Laboratories Shawnee KS 
SAnaplaz (plus veterinary prescription fee), Fort Dodge 
Laboratories,
Fort Dodge IA
Losses from anaplasmosis morbidity and mortality that were asses­
sed were death loss, value of cull loss, abortion loss, milk produc­
tion loss in dairy cows, and costs of treatment and prevention. These 
losses and costs were determined from findings on 160 beef cows, 10 
beef bulls and 85 dairy cows that were clinical cases of anaplasmosis 
in 1983. The one dairy bull case was not evaluated as to losses.
Death Loss
The total weight loss of 66 beef cows and 5 beef bulls that died 
was evaluated at the respective replacement price per cwt. An average 
value per death loss for beef cows and beef bulls that died from 
anaplasmosis was determined from these figures. The average value per 
death loss and expected number of anaplasmosis deaths in the study 
area and State cattle populations were used to extrapolate the survey 
results. The 32 dairy cows that died were valued at the replace­
ment value of $1000/head. This same replacement value was applied to 
the expected death losses of the study areas and State.
Value of Cull Loss 
Value of cull loss was assessed with the assumption that the 
cattle were culled for slaughter and slaughter prices received. The 
difference between this salvage price and the replacement value for 
the culled animal represented the value of cull loss. The total of 
these losses divided by the number of survivor cattle that were culled 
provided the average value per cull loss. The latter average was 
extrapolated to the expected anaplasmosis survivors culled in the 
study area and State populations.
Abortion Loss
Last trimester of pregnancy abortion loss was only reported in 
one beef cow and this was valued at the baby calf price of $75. No 
extrapolation to the beef cow population of the study areas or the 
State was done as the number of abortions was too small to provide an 
accurate estimate of the anaplasmosis case abortion rate.
Milk Production Loss
Milk loss in dairy cows was estimated at a 25% reduction in 
production of cows lactating at the time of clinical disease. It was 
expected that 82% of the affected dairy cows were lactating at the 
time of the clinical episode. Utilizing the 1983 State average annual 
milk production of 10,400 lbs (Louisiana Cooperative Extension Service 
1984), a 10 month lactation period and an estimated 90% decline in 
daily milk production each month subsequent to the peak, projected an 
average loss of 4005 lbs for cessation of lactation at the end of any 
of the 10 months. A 25% reduction amounted to an average of 1001 lbs 
milk production loss for any cow clinically diseased during lactation. 
Future production losses in the cows that died due to anaplasmosis or 
cows that were dry at the time of the disease were not considered. 
The average value of milk production loss was extrapolated to the 
expected number of lactating anaplasmosis survivor dairy cows in the 
study area and State dairy cow populations.
Treatment Costs
The total veterinary fee costs for attention to 52 clinically 
diseased beef cows and bulls were determined and this value divided by
the total number of clinically diseased beef cattle (160) provided an 
average veterinary fee cost per affected beef animal. The total 
veterinary fee costs for attention to 41 clinically diseased dairy 
cows were determined and this value divided by the total number of 
clinically diseased dairy cattle (86) gave an average veterinary fee 
per diseased dairy cow. Similarly, the owners' treatment cost for 104 
clinically diseased beef animals was determined and divided by the 
total number of diseased beef animals to give the average owner treat­
ment cost per diseased beef animal. The total dairy owners' treatment 
cost of 40 clinically diseased cattle was divided by the total number 
of clinically diseased dairy cattle to determine an average treatment 
cost per diseased dairy cow. The average veterinary fee and average 
owner treatment cost for both beef animals and dairy cows were summed 
along with a labor cost component to obtain an average treatment cost 
per clinically diseased animal. For extrapolation to the study areas 
and State, the average treatment cost per case was multiplied by the 
expected number of clinically diseased animals.
. Prevention Costs - Beef Cows
The preventive measures carried out in beef cows had been ascer­
tained as part of the descriptive epidemiological study which was 
mentioned above. A total of 320 beef cow-calf herds comprising 28,660 
cows were surveyed for management practices including anaplasmosis 
prevention and vector control measures.
For extrapolation of the beef cow prevention costs to the study 
area and State beef cow population, the average costs per head for 
each measure were used.
Tetracyclines
Tetracyclines used in feed supplements at the rate of 0.5 mg per 
lb body weight per day as suggested by Richey (et al 1977b) and Richey 
(1981) indicated that a 900 lb cow consumed approximately 13.5 g per 
month. Priced at $.05 per gram, the cost of oral tetracycline supple­
mentation was $.68 per cow-month. For each herd that had used this 
measure, the number of cows and the months administered provided a 
total number of cow-months of tetracycline feed supplementation. This 
multiplied by the $.68 cost per cow-month and divided by the surveyed 
beef cow population of 28,660 cows, provided an average cost per 
head.
Tetracyclines fed in a salt-mineral block or a salt-mineral mix 
at the desired consumption of 0.5 mg per lb body weight per day 
(Richey and Kliewer 1981b) were valued also at $.68 per cow-month. 
Similar computations were used to achieve an average cost per head of 
the 28,600 cows.
With use of tetracycline injectables it was assumed that the oxy- 
tetracycline product containing 200 mg/ml was administered and used at 
the rate of 9.9 mg per lb body weight (Roby and Simpson 1978; Roby, 
Simpson and Frank 1978; Lincoln and Magonigle 1981). Hence, a 900 lb 
cow required approximately a 45 ml dose at a cost of $4.41 per dose. 
The total number of injections multiplied by the cost per dose and 
divided by 28,660 gave the average cost per head of cows in the survey 
population for this prevention measure.
Vaccination
The total number of cows vaccinated multiplied by the cost of a 
single dose of anaplasmosis vaccine gave the total cost for this 
preventive measure. This total cost divided by the 28,660 beef cows 
in the survey population provided an average vaccine cost per head.
Vector Control
The number of applications and the cow-months of application were 
totaled and valued for each insect control measure. For each measure 
the total expenditure was divided by 28,660, the number of cows in the
survey population, in order to obtain an average cost per cow. Only
10% of the cost of insect control was considered for anaplasmosis 
prevention and hence the total cost for each insect control method
reflected only 10% of the actual expenditure.
Prevention Costs - Dairy Cows
Vaccination
The total cost of vaccination against anaplasmosis was computed 
from the total number of dairy cows vaccinated multiplied by the $4 
vaccine cost per single dose. The average cost per cow in the dairy 
cow population surveyed was this total cost of vaccination divided by 
20,277, the number of dairy cows in the survey. This average cost per 
cow for anaplasmosis vaccination was used to extrapolate to the study 
area and State dairy cow populations.
Results
Death Loss
The average weight of 66 beef cows that died from anaplasmosis 
was 839 lbs with a range of 750-1050 lbs and a total weight of 553.75 
cwt. The replacement value of $44.40 per cwt computed an average beef 
cow death loss of $373.
The average weight of five bulls that died from anaplasmosis was 
1290 lbs with a range of 1250-1350 lbs and a total of 64.5 cwt. The
replacement value of $100 per cwt gave the average bull death loss of
$1290.
The average weight of 32 dairy cows that died was 1080 lbs with a 
range of 500-1500 lbs. The replacement value was $1000 per cow.
Value of Cull Loss
Of 94 anaplasmosis survivor beef cows, six or 6.4% were culled. 
These six beef cows had a replacement value of 850 lbs x $44.40/cwt or 
$377 each and a salvage value of 850 x $38.40/cwt or $326 each. 
Hence, the value of cull loss was estimated at $51 per culled beef 
cow. Of 53 anaplasmosis survivor dairy cows, ten or 18.9% were 
culled. These 10 cows had a replacement value of $1000 each and a 
salvage value of 1100 lbs x $38.40/cwt or $422 each. The difference 
of $578 per cow represented the value of cull loss.
Milk Production Loss
Milk loss was estimated for 43 (82%) of the 53 survivor dairy
cows that were expected to be lactating at the time of clinical infec­
tion. An average loss of 1001 lbs in milk production per cow attribu-
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ted to anaplasmosis and evaluated at $l4/cwt of milk, gave a total value 
of milk production loss of $6020. This equated to a $140 loss in milk 
production for each cow clinically diseased while in lactation.
Treatment Costs
An average veterinary fee for 52 clinically diseased beef cattle 
was $40 with a range of $25 to $55. Using the sum of the veterinary 
fee costs of $2105 and the total number of beef cattle that were 
diseased, an overall average veterinary fee cost of $12 was found. 
The average veterinary fee for 41 clinically diseased dairy cattle was 
$56 with a range of $3 to $100. Using the sum of the veterinary fee 
costs of $2300 and the total number of dairy cattle that were diseas­
ed, an overall average veterinary fee of $27 per clinically diseased 
cow was determined.
The owner's treatment cost for 104 clinically diseased beef ani­
mals was an average of $14, with a range of $3 to $65. The sum of 
beef owners' costs of $1475 averaged to $9.00 per diseased beef ani­
mal. The dairy owner's treatment cost of 40 clinically diseased dairy 
animals was an average of $18, with a range of $5 to $30. The sum of 
dairy owners' costs of $725 averaged to $8 per diseased dairy cow.
The labor cost for treatment of clinically diseased animals was 
estimated at 2 hours per animal, allotting $5 per hour for the owner's 
labor.
Hence, the average treatment cost per clinically diseased beef 
animal amounted to $31. The average treatment cost per clinically 
diseased dairy animal amounted to $45.
Prevention Costs - Beef Cows
Tetracyclines
Tetracyclines fed in a feed supplement was carried out in 16 
herds comprising 1928 cows and 7329 cow-months. Valued at $.05 per 
gram, the total cost of tetracycline supplementation per cow-month was 
$.68 and for the survey cow population 7329 x $.68 = $4984. This 
computed to a $.17 average cost per head.
From the survey results 13 herds comprising 1411 cows used tetra­
cycline fed in salt-mineral blocks or mixes for 7309 cow—months. The 
total cost of this preventive measure was 7309 x $.68 = $4970 or an 
average cost of $.17 per cow in the survey population.
Oxytetracycline injections were used in 16 herds comprising 856 
cattle and involving 2006 separate injections. A. total of $8846 was 
spent on this preventive measure. This gave an approximate average of 
$.31 per head of cows in the survey population.
Vaccination
Only one beef herd of 60 cows had been vaccinated against 
anaplasmosis in 1983. However, 8% of the herd owners had vaccinated 
their cows and 10% had vaccinated their bulls against anaplasmosis in 
the previous five years, 1978-1982. Since so few animals had been 
vaccinated in 1983, these costs were not computed for the survey cow 
population.
Vector Control
Insecticidal ear tags were applied in 106 herds comprising 12,973 
cows. The 1983 price of $1.27 per tag amounted to $16,476 spent on 
insecticidal ear tags in the survey cow population. On a per cow 
basis, this sum represented $.57 per cow.
Spray applications were used in 90 herds comprising 12,505 cattle 
and involving 34,872 individual cow applications. Priced at $.13 per 
application the expenditure for insecticidal spraying was $4533 or 
$.16 per cow in the survey population.
Pour-on insecticides were used in 53 herds comprising 6828 cows 
and involving 9243 applications. This expenditure amounted to $6655 
or $.23 for every cow*
Dust bag insecticides were employed in 37 herds comprising 3102 
cows and Involving 16,541 cow-months of application. A. dust bag used 
at the rate of one bag per 50 cow-months computed to a requirement of 
329 bags. A refill dust bag priced at $13.62 gave a total expenditure 
of $4481 or $.16 per head.
Dip insecticides had not been used on the survey cow population 
and the use of back rubber insecticides had not been assessed. Oral 
insect larvicides in feed and salt-mineral mixes and blocks were used 
in 24 herds, however, the cost of this insecticide was not considered 
as an anaplasmosis prevention cost.
Prevention Costs - Dairy Cows
Vaccination
Vaccination against anaplasmosis was employed in 10 herds compri­
sing 890 dairy in 1983. At a vaccine cost of $4 per cow (single dose) 
the total amount expended on vaccine was $3560 or $.18 per cow in the 
survey dairy cow population of 20,277 dairy cows.
Extrapolation of Losses and Costs
Utilizing the incidence of anaplasmosis found in beef cows of 
0.31%, extrapolation to the study area and State total beef cow popu­
lation projected an estimate of 576 and 1965 clinically affected cows, 
respectively. The anaplasmosis case fatality rate of 53% indicated 
271 deaths in the study area and 924 deaths in the State.
The 0.50% incidence of anaplasmosis and the 50% case fatality 
rate in beef bulls when extrapolated to the study areas estimated 37 
beef bulls clinically diseased of which 19 died and to the State 127 
bulls of which 64 were expected to die.
A 0.33% incidence rate in dairy cows was used to extrapolate to 
the study area and State cow populations. An estimate of 249 and 328 
clinically diseased dairy cows for the respective populations was 
projected. The 45% case fatality rate projected death as the outcome 
in 112 and 148 of the cases for the study area and the State, 
respectively.
Table IV-5 presents a summary of the loss and cost parameters 
achieved through the surveys. Tables IV-6 and IV-7 detail the losses 
and costs found in the surveys and the extrapolated losses and costs
for the study area and State cattle populations.
Discussion
Losses associated with anaplasmosis have included weight loss, 
value of cull loss, abortion loss, milk production loss in dairy cows, 
delay in estrus in post-partum affected cows, loss of reproductive 
ability in bulls, mortality loss, loss of genetic potential of cows or 
bulls that died or were salvaged, loss of future production of cows or 
bulls that died or were salvaged and decreased weight gain in beef 
calves orphaned or nursing affected cows. Only a few of these losses 
were evaluated in this study, primarily the losses with overt expres­
sion. To evaluate the other losses effectively would require a survey 
restricted to a few herds of which production and health records on 
individual animals were kept. An attempt to use Dairy Herd Improve­
ment Association (DHIA) records to portray milk production losses and 
delay in estrus in post-partum affected cows was unsuccessful as very 
few clinically affected animals were reported in DHIA member herds.
Treatment costs that have been assessed in economic studies of
anaplasmosis included veterinary service fees, veterinary diagnostic 
fees, oxytetracycline and other drug costs and the cost of the owner's 
labor to treat the clinically doseased animals. Prevention costs 
included expenditures for vaccinations against anaplasmosis, tetra-
TABLE IV-5 Summary of Parameters of Losses and Costs Associated with
the Clinical Infection, 
Anaplasmosis







Red River Plains and 
Southeast Areas Popultion 185,720 7,429 75,545
State Population 634,000 25,360 99,500
Average value per death loss $373 $1290 $1000
Average value of cull loss $51 $578
Average value of milk production loss $140
*Feed supplement tetracyclines $.17
*Salt-mineral tetracyclines $.17
*Injectable tetracyclines $.31
*Insecticidal ear tags $.57 x .10
*Spray insecticide $.16 x .10
*Pour-on insecticide $.23 x .10
*Dust-bag insecticide $.16 x .10
*Vaccination against anaplasmosis $.21
*Average cost per head
TABLE IV-6 1983 Estimated Losses and Costs Due to Anaplasmosis in the Beef Cow and Bull










66 cows 553.75 cwt 
x $44.40 = $24,587
6 cows x $51 
= $306
160 cows x $31 
= $ 4,960
Study Areas
305 cows x$373 
= $113,765
17 cows (27lx.064) 
x $51 = $867
576 cows x $31 
= $ 17,856
State
1041 cows x$373 
= $388,293
59 cows (924x.064) 
x $51 = $3009
1965 cows x $31 
= $ 60,915
Beef Bulls
5 bulls 64.5 cwt 
x $100 = $6,450
10 bulls x $31 
= $ 310
18 bulls x$1290 
= $ 23,220
37 bulls x $31 
= $ 1,147
63 bulls x$1290 
= $ 81,270





















($.57/cow) = $16,476 
x .10 = $1648
($.16/cow) =$4,533 
x .10 = $453
($.23/cow) = $6,655 
x.10 - $666
($.16/cow) = $4,481 




185.720 x $.17 
= $ 31,572
185.720 x $.17 
= $ 31,572
185.720 x $.31 
= $ 57,573
185.720 x $.57 x .10 
= $ 10,586
185.720 x $.16 x .10 
= $ 2,972
185.720 x $.23 x .10 
= $ 4,272
185.720 x $.16 x .10 
= $ 2,972
State
634.000 x $.17 
= $107,780




634,000 x $.57 x
= $ 36,138
634,000 x $ .16 x
= $ 10,144
634,000 x $.23 x
= $ 14,582













IV-7 1983 Estimated Losses and Costs Due to Anaplasmosis in the Dairy Cow
Population of the Survey, Study Areas and State
Survey
43 cows (53 x .82) 
x $140 = $6,020
32 cows x $1000 
= $32,000
10 cows x $578 
= $ 5,780






112 cows (137 x .82) 
x $140 = $15,680
112 cows x $1000 
= $112,000
25 cows (137 x .189) 
x $578 = $14,450
249 cows x $45 
= $ 11,205
75,545 x $.18 
= $13,598
State
147 cows (180 x .82) 
x $140 = $20,580
148 cows x $1000 
= $148,000
34 cows (180 x .189) 
x $578 = $19,652
328 cows x $45 
= $ 14,760
99,500 x $.18 
= $17,910
Totals $51,185 $166,933 $220,902
cyclines used in an outbreak situation, tetracyclines used during the 
vector season, vector control and the cost of labor to carry out the 
preventive measures. Other related costs of the disease included 
vaccine induced neonatal isoerythrolysis death loss, dead animal dis­
posal cost and the cost of premature marketing of anaplasmosis survi­
vor animals.
In the present study veterinary fees included diagnostic fees and 
drugs used and prescribed by the veterinarian. The owner's cost was 
for pharmaceuticals used in addition to the veterinarian's charges or 
represented the owner's diagnosis and treatment.
Labor to carry' out treatment of clinically diseased animals was 
valued at $5 per hour. This value was based on the minimum wage plus 
an allowance for social security and workmen's compensation insurance 
(Boucher and Huffman 1983). Labor charges were not applied to preven­
tion costs as most of the vector control measures were applied primar­
ily to reduce horn fly, face fly and stable fly annoyance. Oral 
tetracyclines had been for the most part purchased already in feed and 
salt-mineral supplementation with no extra labor required by the 
owner. The injectable oxytetracycline was probably given at the time 
of other measures such as deworming, vaccinating or insect control and 
hence the labor for the Injections alone was minimal.
The costs of prevention measures and vector control applied to 
beef bulls had not been ascertained. Only such measures applied to 
beef cows had been investigated in the epidemiological survey. 
Depending on the length of the breeding season though, most of the 
beef bulls would have received part or all of the measures applied to 
the cows. Vaccination against anaplasmosis was the only preventive
measure applied to dairy cows that was evaluated. Insect control in 
dairy cattle was considered used exclusively to alleviate fly annoy­
ance and not any proportion as an anaplasmosis preventive measure.
McDowell (et al 1964) had looked at the loss in milk production 
of 17 clinical cases of anaplasmosis that occurred over the years 
1956-1962 in a Louisiana experiment station dairy herd. There was a 
difference of 26% in milk and 31% in milk-fat between the actual 
production for the lactation and the 305-day projected total for these 
clinically affected cows. In later lactations these 17 cows averaged 
7% lower in milk yield than their contemporary herd mates, cows of the 
same breed group lactating in the same year and season. In the 
present study a 25% reduction in lactation yield was considered. This 
reduction was applied to the average of the milk production remaining 
in the lactation at the end of each of the 10 months of lactation. 
Eighty-two percent of the clinically diseased dairy cows were consid­
ered to be in one of the ten months of lactation and thus these cows 
alone were assessed the milk production loss.
Body weight loss was not evaluated in the present study as the 
weight loss was considered only temporary. Gain in body weight to 
compensate for that lost to clinical disease no doubt resulted in 
increased feed intake of pasture forages more so than concentrates. 
The pasture forages had already been provided by the owner and 
required no new feed inputs.
The 25% reduction in milk yield of clinically diseased lactating 
dairy cows was not considered to reflect any significant savings in 
feed costs and hence such were not computed and deducted from the 
value of the milk losses.
The total losses and costs associated with anaplasmosis in the 
Red River Plains and Southeast areas of Louisiana amounted to $298,374 
for beef cows and bulls and $166,933 for dairy cows. When the para­
meters were extrapolated to the State respective populations, losses 
and costs associated with anaplasmosis amounted to $1,020,532 for beef 
cows and bulls and $220,902 for dairy cows. Since the cattle popula­
tion of the Red River Plains and Southeast areas was the reference 
population of this study and not the State cattle population, extrapo­
lation of the losses and costs to the State population is not without 
reservation.
The economic study of anaplasmosis in California beef cattle by 
Goodger (1978) and Goodger, Carpenter and Riemann (1979) estimated a 
loss and control cost of $4.20 for each beef cow in California. A 
1.85% morbidity rate and a 0.75% specific death rate were found. In 
other words, these rates implied an incidence rate of 2.6% and an 
anaplasmosis case fatality rate of 29%. In Texas, Alderink (1982) 
found an incidence rate of 0.276% and an anaplasmosis case fatality 
rate of 35.9%, rates more similar to those found in the present study. 
The estimated losses and costs of the disease in Texas averaged $1.65 
for each beef cow and bull in the State cattle population. In the 
present study the losses and costs associated with anaplasmosis aver­
aged $1.55 for each beef cow and bull in Louisiana. The rates and 
average dollar loss per head were similar for the Texas and Louisiana 
studies, however, the findings and assessment of these losses and 
costs were quite different.
CHAPTER V
EPIDEMIOLOGY OF ANAPLASMOSIS IN THE RED RIVER PLAINS 
AND SOUTHEAST AREAS OF LOUISIANA
Introduction
Anaplasmosis was first reported in Louisiana in 1924. The dis­
ease occurred in the dairy herds in the immediate vicinity of the city 
of New Orleans and at that time this area had been declared Boophilus 
annulatus tick-free (Giltner 1928, 1931; Dikmans 1933a,b). In 1958 it 
was estimated that 17,000 cattle died and 85,000 others were clinical­
ly affected and recovered In Louisiana (Oglesby 1963; McDowell et al 
1964).
McCallon (1973, 1976) reported that approximately 25% of adult 
cattle in Louisiana were carriers as determined by serological testing 
of market slaughter cattle in 1972-73.
Wilson (1960) studied the relationship between the 1959 seasonal 
occurrence of horse flies and the average monthly reported cases of 
anaplasmosis for the years 1955-58 in four Louisiana parishes. The 
peak in horse fly numbers occurred in late May and remained high until 
the end of June. Twelve to 14 weeks after this peak, the highest 
point of the reported cases of anaplasmosis generally occurred. Since 
the incidence of disease began to rise a few weeks after the horse fly 
population began to increase, this provided the tabanid vector with 
very infectious blood meals from clinically affected animals. Hence, 
the peak of anaplasmosis occurred six to eight weeks following the 
first cases of anaplasmosis.
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Hugh-Jones (personal communication 1984) in Louisiana found the 
serologic prevalence of anaplasmosis in bovine serum samples collected 
during the years 1982-84 to be 5.4% positive by the modified rapid 
card agglutination test. The distribution of the seropositive animals 
as to age, breed, sex, month of serum collection and location of herd 
were investigated.
Apart from the above-mentioned studies, the epidemiology of 
anaplasmosis in Louisiana has not been thoroughly investigated. The 
purpose of the present study was to study the epidemiology of anaplas­
mosis in beef cow-calf herds of the Red River Plains and Southeast 
areas of Louisiana. Components of this study included the portrayal 
of the disease conditions seen and herd management practices carried 
out; the relationship between disease and management factors and the 
presence of clinical anaplasmosis in herds; and the distribution of 
anaplasmosis clinical cases and seropositive cattle within natural 
vegetation regions.
The reference population of this study was the beef cow (over two 
years of age) and beef bull population of the Red River Plains and 
Southeast areas of Louisiana. This population comprised 185,720 beef 
cows and 7429 beef bulls, the latter estimated according to the ratio 
of one bull per 25 cows. The unit of interest in this study was the 
individual beef cow-calf herd.
Materials and Methods
The present study was part of a descriptive epidemiological study 
of anaplasmosis in the Red River Plains and Southeast areas of Louisi­
ana. Included in the overall study were determinations of the preva­
lence of Anaplasma antibodies and the incidence of clinical anaplas­
mosis, the distribution of the seropositive and clinically affected 
animals as to age, sex, breed, location and time. The data were
collected through a serological survey, a survey of dairy and beef
cow-calf producers, interviews of veterinary practitioners, and
follow-up on the clinically affected animals to obtain information on 
intrinsic and extrinsic host determinants and losses and costs associ­
ated with clinical disease.
Disease and Herd Management Survey
Cow-calf producers that had responded to a survey on anaplasmosis 
(Chapter II) were surveyed on disease conditions seen and herd manage­
ment practices carried out In their herds during 1983. In Table IV-1 
are listed the variables of the questionnaire used to collect this
data.
The questionnaire was mailed to 395 producers that had reported 
no clinical anaplasmosis seen in their herds during 1983. One repeat 
mailing was made six weeks later for non-responders.
Thirty-two beef producers that had reported clinical anaplasmosis 
seen in their herds during 1983 were surveyed with the use of the same 
questionnaire. Collection of the information from these herds was 
done by three methods. The questionnaire was mailed, with repeat
Table V-l Information Collected In the 1983 Beef Cow-Calf
Disease and Herd Management Survey
Variables
Parish location of herd
Number of cows (over two years of age)
Number of bulls 
Breed(s) of cows 
Breed(s) of bulls
Number of cows and number of bulls that became:
(1) affected and survived




















Number of cows (including heifers over two years of age) culled 
Number of bulls culled 
Reasons for culling the cows
Month(s) of grazing on overseeded or seed—bed winter annuals
Month(s) of hay feeding
Month(s) of supplement feeding
Whether creep feeding of calves was practiced
Mineral used
Name of vaccine(s) and month administered
Whether vaccinated cows against anaplasmosis within last 5 years 
Whether vaccinated bulls against anaplasmosis within last 5 years 
Name of dewormer(s) and month(s) administered 
Name of insecticidal ear tags and month(s) applied
Table V—1 con't
Name of insecticidal spray and month(s) applied 
Name of Insecticidal pour-on and month(s) applied 
Name of insecticidal dip and month(s) applied 
Name of insecticidal dust bags and raonth(s) applied 
Name of insecticidal feed suppplement or salt-mineral mix 
and month(s) fed 
Month(s) of tetracycline feed supplementation
Month(s) of tetracycline provided in salt-mineral blocks or mix
Month(s) of tetracycline injections given to all cows
Months of breeding season
Month that calving began
Month that calving ended
Whether a veterinarian pregnancy tested cows after breeding season 
Whether a veterinarian semen evaluated bulls before breeding season 
Number of times that a veterinarian attended to the herd
mailing six weeks later to non-responders, to producers that had 
experienced one to three cases of anaplasmosis. An interview with the 
producers to collect the information was the second method and the 
third method was an interview with the producer to introduce the ques­
tionnaire and leave for completion and return by mail. The latter two 
methods were used for producers that had greater than three clinical 
cases in 1983.
All parishes of the Red River Plains area had been surveyed and 
all parishes excepting Livingston and St. Helena parishes of the 
Southeast area had been surveyed in the original anaplasmosis survey 
(Chapter II).
The herds that had experienced clinical anaplasmosis in 1983 were 
referred to as the anaplasmosis herds and the herds that had not 
experienced clinical anaplasmosis in 1983 were referred to as the 
control herds.
Relationship Between Disease and Management Factors and the 
Presence of Clinical Anaplasmosis in Beef Cow-Calf Herds
The computer program Funcat* was used to analyze the disease and 
herd management data collected on herds that had and had not experi­
enced clinical anaplasmosis during 1983. The response effect of the 
procedure was represented by the presence or absence of clinical 
anaplasmosis and the design effects were represented by the binary 
variables on diseases and herd management practices. Variable selec­
tion to achieve a predictive model for describing the determinants of
*SAS Institute Inc., Cary, North Carolina.
clinical anaplasmosis in herds was based on running initial models to
obtain significant effects at the 0.10 significance levels. These
models were namely disease conditions, annuals, hay, supplement, 
vaccination, dewormer, ear tags, insecticide spray, pour-on insecti­
cide, dust bag insecticide, feed insecticide, tetracycline fed, tetra­
cycline salt-mineral, tetracycline injection and breeding season and 
veterinary services models. The names of the models simply referred
to the respective variables. Only main effects were tested*
Utilizing the significant effects achieved from the models, model 
simplification was carried out by running candidate models until a
simple predictive model with as few parameters as possible was
achieved. The criterion that each effect in a given model should be 
significant at the 0.10 level was used (Kleinbaum and Kupper 1978).
Relationship of Anaplasmosis and Herd Location 
Within Natural Vegetation Regions
The location of herds that had reported clinically affected 
animals and the location of herds from which serum samples had been 
obtained and serologically tested for anaplasmosis were identified on 
parish road maps by the County Agent of each parish. The location of 
each herd was categorized according to the natural vegetation regions 
portrayed in the study of Tabanidae of Louisiana by Tidwell (1973). 
In the six parishes of the Red River Plains area three natural vege­
tation types existed, namely mixed bottomland hardwood, mixed pine 
hardwood and longleaf-slash pine. In the eight parishes of the South­
east area an additional vegetation type existed, that being the upland 
hardwood.
A total of 11,085 serum samples obtained from 209 beef cow-calf 
and dairy herds had been serologically tested for anaplasmosis and 256 
cases of clinical anaplasmosis in 113 beef and dairy herds had been 
reported by producers and veterinary practitioners. The location of 
these 322 herds as to natural vegetation constituted this component of 
the study.
Chi-square analysis for difference of expected and observed 
frequencies was conducted on the prevalence results per vegetation 
areas.
Results
Disease and Herd Management Survey
Thirty beef cow-calf producers that had reported a total of 90 
clinical cases of anaplasmosis and another 290 producers that had 
reported no clinical anaplasmosis in their herds during 1983 provided 
complete disease and herd management questionnaires. This represented 
a 94% and a 73% response rate, respectively.
The distribution of these 320 herds as to parish location of herd 
and as to cow herd size group is detailed in Tables V-2 and V-3. The 
population of cattle surveyed consisted of 28,660 cows greater than 
two years of age and 1460 bulls. This represented a bull to cow ratio 
of 1:20 and 15% of the total beef cow population of the study area.
Diseases and conditions affecting the cattle population surveyed 
are tabulated in Table V-4. Dystocia and lameness (including footrot) 
were the most common problems reported.
Table V-2 Parish Location of 320 Herds of the 1983 Beef






East Baton Rouge -33 (2)
East Feliciana 33 (3)
Natchitoches 36 (5)
Rapides 19 (2)
Red River 18 (3)
St. Tammany 22 (1)
Tangipahoa 27 Cl)
Washington 19 (1)
West Feliciana 16 (3)
Total 320 (30)
Table V-3 Cow Herd Size Grouping of 320 Herds of the 1983
Beef Cow-Calf Disease and Herd Management Survey
Cow Herd Anaplasmosis Number Number Number
Size Group__________ Herds___________of Herds of Bulls of Cows
1- 25 5 92 96 1351
26- 50 6 84 142 3278
51- 75 3 36 80 2234
76-100 3 31 122 2793
101-150 4 36 177 4827
151-200 3 13 94 2390
201-500 5 24 465 8652
> 500 _1 4 284 3135
Total 30 320 1460 28,660
Table V-4 Disease Conditions Reported in 320 Herds of the 1983
Beef Cow-calf Disease and Herd Management Survey






Lameness, Footrot 109 432





Plant Poisoning 19 78
Pneumonia 34 90
Poor Doing 69 190
Prolapsed Uterus, Vagina 43 75
Redwater 2 2
Lumpy Jaw 1 1
Retained Placenta 1 1
Cancer Eye 8 16
Total 2128
Nutritional Supplementation 
Winter annuals were used for grazing in 230 herds for a total of 
989 herd-months. Sixty-two percent of the herd-months occurred during 
the months January to April and 23% occurred during November and 
December. Hay supplementation was carried out in 303 herds for a 
total of 1422 herd-months. Sixty-two percent of the herd-months of 
hay supplementation occurred during the months January to April and
35% of the herd-months occurred during October to December. Supple­
mentation with cottonseed meal, corn, molasses, liquid protein supple­
ment , protein blocks and commercial range cubes and meals was used in 
249 herds for a total of 1344 herd-months. Fifty-five percent of the 
herd-months of supplementation occurred during January to April and
31% occurred during October to December. Creep feeding of calves was
only practiced in 21% of the herds. Salt- mineral as a mix or as a 
block was fed in 68% of the herds although a number of the herds had 
used feed supplementation that contained salt and minerals.
External Parasite Control 
Insecticidal ear tags were used in 106 herds comprising 12,973 
cattle. The tags were applied March to May. Use of the product 
Ectrin3 represented 51% of the herd treatments and only one herd had 
used a non-pyrethroid impregnated ear tag.
Insecticidal spray applications were used in 90 herds comprising 
12,505 cattle and involving 34,872 individual cow applications. The 
applications were primarily conducted over April to October.
aSDS Biotech Corp., Painesville, Ohio
Lintox^ was used in 31% of the herd treatments and Co-ralc in 24%
of the herd treatments.
Pour-on insecticides were used in 53 herds comprising 6828 cows 
and involving 9243 applications. Approximately a third of the herd 
treatments were conducted in March to May and another third in October 
and November. Spottonc was used in 41% and Co-ralc in 25% of the 
herd treatments.
Dust-bag insecticides were employed in 37 herds comprising 3102 
cows and involving 16,541 cow-months of application. The dust bags 
primarily were used over the months April to October. Co-ralc and 
Marlate^ were the two most commonly used dust bag products represen­
ting 37% of the dust bags used for herd applications.
Oral insect larvicides were used in 24 herds for an average dura­
tion of four months. Of the 13 products used, Moorman'se larvicide 
product was used in 11 of the 24 herds. The products were used for 
the most part in the months May to September.
Internal Parasite Control
Use of dewormers was conducted in 208 herds with a total of 391 
herd applications. Forty-three percent of these dewormer herd appli­
cations were conducted in the months of March to May and 47% In the 
months of September to November. Over 88% of the herds that had been 
dewormed were done so once or twice during the year. Dewormers 
containing thiabendazole represented 51% of the herd treatments,
^Starbar, Dallas, Texas
cBayvet Division of Miles Laboratories, Shawnee, Kansas 
^Dupont
eMoorman Mfg. Co., Quincy, Illinois
albendazole in 5% of the herd treatments and ivermectin in 4% of the 
herd treatments• Other dewormers used to a lesser extent were com­
pounds containing fenbendazole, mebendazole, haloxon and morantel 
tartrate.
Vaccinations
A. total of 83 herds were vaccinated using one or more vaccine 
preparations. Fifty-four percent of the vaccinations were carried out 
during the months March to May and 28% were carried out during the 
months September to November. Of the vaccinations conducted, 15% were 
against IBR and/or BVD and/or PI3, 8% against clostridial diseases, 
50% against leptospirosis, 10% against vibriosis, 3% against anthrax 
and 9% against brucellosis. Only one herd had vaccinated against 
anaplasmosis during 1983, however, during the previous five years 
1978-82, 8% of the herd owners had vaccinated their cows and 10% had 
vaccinated their bulls against anaplasmosis.
Reproductive Practices
Seventy-six percent of the herds reported using a breeding season 
of six months or longer. The "months calving began and ended” were 
not useful variables as year-round calving occurred as a result of the 
long breeding seasons practiced. Only 13% of the owners had herd 
pregnancy examinations and 11% of the owners had bull semen evalua­
tions conducted by a veterinarian.
Concerning use of veterinary services, 55% of the herd owners 
reported no veterinary attendance during the year and another 38% 
reported use of a veterinarian only one to four times during the year.
Tetracyclines
Tetracyclines were fed in a feed supplement to 16 herds, being 
fed for one month up to 12 months and for an average of four months. 
Tetracyclines incorporated into salt-mineral blocks or mixes were used 
in 13 herds with an average of eight months' use. Oxytetracycline
injections were used in 16 herds and primarily Involved one or two
administrations.
Relationship Between Disease and Management Factors and the 
Presence of Clinical Anaplasmosis in Beef Cow-Calf Herds
A number of variables gave significant chi-square estimates at 
the 0.10 significance level. Nine of these variables were significant
at the 0.05 level and one variable was significant at the 0.01 level.
Table V-5 lists the variables that gave significant chi-square esti­
mates in linear models tested, along with the computed probabilities.
Model simplification achieved a seven variable model with all 
main effects significant at the 0.05 level, excepting the variable 
"pinkeye in cows" which had a probability of the chi-square estimate 
of 0.0920. The other variables In the model were "cow deaths due to 
injury,” "plant poisoning in bulls,” "pneumonia in cows," "deaths due 
to prolapsed uterus," "dewormer used in November" and "tetracyclines 
fed in salt- minerals in March."
Table V-5 Variables of the 1983 Beef Cow-Calf Disease and Herd
Management Survey Which Gave Significant Chi-Square
Estimates in Linear Models Tested.
Variable______________________________________________Probability
Abortion 0.0534
Bloat in bulls 0.0509
Cow deaths due to bloat 0.0981
Cow deaths due to injury 0.0364
Mastitis 0.0916
Pinkeye in cows 0.0189
Plant poisoning in bulls 0.0728
Plant poisoning deaths in cows 0.0269
Pneumonia in cows 0.0585
Deaths due to prolapsed uterus 0.0066
Vaccination in May 0.0456
Dewormer used in September 0.0492
Dewormer used in November 0.0285
Dewormer used in May 0.0620
Insecticide spray in March 0.0388
Pour—on Insecticide in February 0.0929
Insecticidal dust bags applied in January 0.0439
Tetracyclines fed in salt-minerals in March 0.0571
Tetracyclines fed in salt-minerals in April 0.0514
Tetracyclines fed in salt-minerals in July 0.0513
Oxytetracycline injections in October 0.0539
Relationship of Anaplasmosis and Herd Location 
Within Natural Vegetation Regions
The prevalence rate of Anaplasma antibodies in cattle located in 
mixed bottomland hardwood vegetation was considerably higher than that 
of the other three vegetation types. Almost 51% of the reported cases 
of anaplasmosis occurred in herds located in this vegetation. The 
longleaf-slash pine area revealed a 5.2% prevalence rate and 17.6% of 
the reported clinical cases were from herds located in this vegeta­
tion. The mixed pine hardwood vegetation areas showed a 4.3% preva­
lence rate and 27.3% of the clinical cases animals were reported from 
these vegetation areas (Table V-6).
Discussion
Anaplasmosis does not appear to be the most serious disease 
affecting beef cattle in Louisiana when comparison is made with the 
other disease entities reported by producers. Anaplasmosis though, 
may not be as visible to the producer as the other disease conditions. 
Poor-doing animals could result from a number of conditions but also 
could in some cases represent the convalescent animal of acute 
anaplasmosis.
Supplementation with winter annuals, hay and some sort of concen­
trates was practiced in the majority of herds. This supplementation 
was carried out primarily during the months January to April and 
November and December. The proportions of control and anaplasmosis 
herds were similar in regards to nutritional supplementation. Since
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Table V-6 Distribution of the Anaplasmosis Seropositive Animals 
and Clinical Cases According to the Natural Vegetation 
of the Respective Herd Locations
Number of
Natural Vegetation____________ Reactor Rate*_______Clinical Cases
Mixed Pine Hardwood 150/3493 (4.3%) 70 (27.3%)
Mixed Bottomland Hardwood 601/5514 (10.9%) 130 (50.8%)
Longleaf-Slash Pine 107/2063 (5.2%) 45 (17.6%)
Upland Hardwood 2/15 11 (4.3%)
Totals 860/11,085 (7,8%) 256
*P = 0.0001
this study was far from being a nutritional investigation, the plane 
of nutrition in the herds cannot be speculated. Studies that have 
looked at level of nutrition and anaplasmosis, revealed that cattle on 
a high plane of nutrition succumbed more severely to the clinical 
effects of anaplasmosis than cattle on a low plane of nutrition 
(Wilson and Trueman 1978; Ajayi, Wilson and Campbell 1978; Wilson 
1979).
External parasite control using one type of insecticide or ano­
ther was practiced in the majority of herds. Similar was the case
with internal parasite control where 65% of the herds were dewormed at
least once for the year. No real differences in the overall use of 
internal and external parasite control measures were observed between 
control and anaplasmosis herds. The only differences seen were higher 
proportions of dewormer use in September, November and May, insecti­
cide spray use in March and insecticide dust bag application in Janu­
ary for the anaplasmosis herds. As well, pour-on Insecticide used in 
February occurred in the control herds but was absent in the anaplas­
mosis herds. These differences were considered trivial.
Cow vaccinations were carried out in only 26% of the herds,
primarily in March to May and September to November. A significant
difference between control and anaplasmosis herds was observed with 
vaccinations carried out in the month of May. The anaplasmosis herds 
showed the higher proportion in regards to this variable. One has to 
consider iatrogenic spread of the Anaplasma organism when injections 
are given to cattle (Reeves and Swift 1977).
Most of the herds had long breeding seasons and essentially year- 
round calving. Little use was made of veterinary services for pre­
breeding season semen evaluation of bulls and post-breeding pregnancy 
examination of cows. Over half the herd owners had not used the ser­
vices of a veterinary practitioner during the year.
Tetracyclines were administered either in a feed supplement, a 
salt-mineral block or mix or given parenterally. Few herds carried 
out either of these practices, however, the proportions in the control 
and anaplasmosis herds were not different excepting in March, April 
and July for salt-mineral medications and oxytetracycline injections 
in October. Again these exceptions were not considered important as 
the overall use of tetracyclines showed no differences between the 
groups.
Model simplification gave a seven variable model of significant 
effects at the 0.10 significance level. Five of the variables were 
disease conditions where there was a greater proportion of anaplas­
mosis herds affected. Disease conditions would be sufficient stres­
sors in carrier cattle to cause recrudescence and clinical disease. 
In this study though it was difficult to assign much importance to 
these variables because of the small numbers of anaplasmosis herds 
involved. The association between the variable "dewormer used in 
November" and anaplasmosis herds was considered only coincidental.
In Louisiana 12 genera and 100 species and subspecies of Tabani- 
dae are recorded. In the entire State the distribution of the Tabani- 
dae is correlated with six major vegetational regions which are 
defined by characteristic plant species. While the delineation of the 
vegetational regions is broad, small disjunct or continuous areas of 
one region may occur within another when local conditions permit. For 
example, river bottomland hardwoods associated with the principal
rivers are found throughout other vegetational regions. Therefore the 
association of a specific tabanid with any given vegetational region 
must be made with caution. Also, species characteristically found in 
one vegetational region may frequently overlap with species occurring 
in other areas (Tidwell 1973).
Wilson (1960) reported on the species of Tabanidae collected in 
four parishes of Louisiana. The numbers collected were greater in St. 
Landry and Tensas parishes which were primarily of mixed bottomland 
hardwood vegetation on the Mississippi and Red River alluvial plains 
than in Calcasieu, a southern parish that was mainly of prairie vege­
tation and Caddo, a northern parish of mixed plne-hardwood and mixed 
bottomland hardwood. Seasonal activity was greatest in all four 
parishes from mid- May until mid-July. Members of the genus Tabanus 
were most abundant. Chrysops flavidus, however, was the most numerous 
single species in Calcasieu Parish. Tabanus fusciostatus, Tabanus 
lineola and Tabanus vittiger (= Tabanus subsimilis) were the most 
abundant species is St. Landry, Tensas and Caddo Parishes, respective­
ly. Seasonal occurrence studies showed Tabanus lineola, Tabanus 
vittiger (= Tabanus subsimilis) and Chrysops flavidus to be active 
primarily during early and late season. Tabanus fusciostatus became 
active during the early part of the season and gradually diminished 
throughout the season. Tabanus longiusculus was active only during 
the early part of the season while Tabanus sulcifrons was active only 
during the late part.
Wilson (et al 1970) reported on the tabanid fly collections in 
dairy herds in northern Louisiana in 1966. The Tabanidae collected 
during the period from March 1 until April 12 were Hybomitra lasioph-
thalma, Tabanus lineola and some Chrysops spp. On May 23 the dominant
species were Tabanus americanus, Tabanus stygius and Tabanus lineola.
Tidwell (1973) described the seasonal occurrence and relative 
abundance of the Tabanidae in the six vegetation regions of Louisiana. 
A few species occurred by the middle of March but the greatest abun­
dance extended from mid-May through the first part of July. A general 
reduction of the composite tabanid population occurred during late 
July and most of August with an upswing in the population during late 
August through mid-September. The Tabanus spp were most abundant in 
the mixed bottomland hardwood vegetation regions and involving most of 
the species. The longleaf-slash pine regions appeared to be the most 
suitable habitat as practically all species of Tabanidae were found in 
this vegetation. The mixed pine-hardwood region was favorable to a
few less species of Tabanidae whereas the coastal inarch and prairie
regions were favored by only a few species.
Tabanus lineola and Tabanus fusciostatus were the principal spe­
cies of horse flies collected in June and July of 1972-73 in an area 
of the bottomland hardwood and cypress region of southern Louisiana 
(Sheppard and Wilson 1976, 1977; Sheppard, Wilson and Farthing 1980).
Foil (et al 1984) detected by canopy trap surveillance Hybomitra 
lasiophthalma in abundance within the first two weeks of March 1981 in
south Louisiana. Tabanus lineola showed a peak in population in June
and another peak in late July which remained high until the beginning 
of October. This species was recorded from May 6 to November 12, 
1980. Other Tabanidae collected were Chrysops spp, Chlorotabanus 
crepuscularis, Leucotabanus annulatus, Tabanus americanus, Tabanus
atratus, Tabanus nigripes, Tabanus petiolatus, Tabanus sulcifrons and
Tabanus trimacualtus. The Chrysops spp population peaked on June 25 
and Tabanus nlgripes peaked from May 27 to June 12. The vegetation of 
the locations where the Tabanidae were trapped was not recorded.
In the present study the highest prevalence rate of Anaplasma 
antibodies and the most reported clinical cases of anaplasmosis were 
observed in regions of the mixed bottomland hardwood natural vegeta­
tion. This coincided with the relative abundance of Tabanus spp 
present in this vegetation habitat. Blood meal requirements of the 
large Tabanus spp probably necessitates prolonged feeding and probing 
which in turn would increase the chance for interruption of the feed­
ing by host reaction. Interruption of blood feeding always increases 
the possibility of anaplasmosis transmission when a second source of 
host blood is sought. It is probable that these species of horse 
flies present in the bottomland hardwood vegetation regions are 
responsible for the high rates of anaplasmosis.
Since beef cattle were the main type present in the mixed bottom­
land hardwood regions, the prevalence of Anaplasma antibodies may be 
more of a function of the cattle type.
Of the 256 anaplasmosis cases reported by producers and veterin­
ary practitioners in 1983 (Chapter II), 81% occurred during the months 
of July, August and September. Hence, the majority of the clinical 
cases occurred 4-12 weeks following the peak abundance of the 
Tabanidae.
CHAPTER VI
SEROEPIDEMIOLOGY OF Anaplasma marginale INFECTION IN WHITE-TAILED 
DEER (Odocoileus virglnianus) IN LOUISIANA
Introduction
In areas where anaplasmosis exists in the cattle population, 
white-tailed deer are subjected to the vectors of anaplasmosis. The 
importance of deer Anaplasma carriers to the epidemiology of bovine 
anaplasmosis would depend on the prevalence rates, the deer popula­
tion, the vectors and their efficiency in Anaplasma marginale trans­
mission and the proximity and amount of cohabitation of cattle and 
deer.
Seroepidemiology of anaplasmosis in white-tailed deer has been
conducted In a number of areas where anaplasmosis is enzootic in 
cattle. Bedell and Miller (1966) failed to demonstrate the presence 
of Anaplasma infection in 262 adult white—tailed deer by subinocula- 
tion of the deer blood into susceptible calves. The deer had been
collected in §even southeastern states. Serologically the deer showed 
0.4% seropositive to the capillary tube agglutination (CTA) test and 
the complement fixation (CF) test (Robinson et al 1968).
In 1967 serum samples from deer collected In three counties of 
Texas where anaplasmosis was enzootic in cattle were tested for 
Anaplasma antibodies by the CTA test. Of 30 serum samples tested, 14
or 47% were positive reacting to the test.
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In Missouri 616 serum samples obtained from hunter-killed white­
tailed deer in 1979 revealed 7 or 1.14% to be positive to the 
Anaplasma modified rapid card agglutination (MRCA) test. The estimate 
of anaplasmosis prevalence in the cattle population of Missouri in 
1972-1973 was 13%. The absence of tick vectors was postulated as the 
reason for the low prevalence rate in deer in comparison to that of 
cattle (Maas and Buening 1981).
During 1981, 175 white-tailed deer serum samples collected from 
live-trapped and hunter-killed deer located in and adjacent to a wild­
life refuge in southern Illinois, were tested for Anaplasma antibodies 
utilizing the CTA. A total of 12 or 6.9% of the deer were found sero­
positive. Of 54 serum samples obtained from cattle that grazed within 
the refuge, 7 or 13% were positive to the CTA test (Smith et al 1982).
Apart from the study by Bedell and Miller (1966) in which some 
deer were collected In Louisiana for Anaplasma serology, no investiga­
tion of Anaplasma antibodies in Louisiana's deer population has been 
conducted. The most recent population estimate of white-tailed deer 
in Louisiana was between 500,000 to 750,000 deer. Hunter-killed deer 
during the 1982-1983 hunting season amounted to 143,000 deer harvested 
(Game Division, Louisiana Department of Wildlife and Fisheries 1984). 
Hence, this large deer population could in fact provide a significant 
number of Anaplasma carrier animals to influence the epidemiology of 
bovine anaplasmosis.
The purpose of this study was to determine the prevalence of 
Anaplasma antibodies in white-tailed deer in Louisiana. A secondary 
objective was to compare two serological tests for the detection of 
Anaplasma antibodies in deer serum.
Materials and Methods
Sample Size Requirements
The unit of interest in this study was the individual deer with 
the reference population being the entire deer population of the State 
of Louisiana. Using an estimate of the prevalence of Anaplasma anti­
bodies in the Louisiana deer population of 1%, a 1% error rate and a 
5% significance level, a randomly selected sample of 380 deer was
indicated. This sample size was 0.05-0.08% of the 500,000-750,000 
total state deer population.
Deer Serum Samples
White-tailed deer sera kept frozen at -18°C since collection 
during the years 1980-1984 were used. The serum samples had been 
collected as part of an ongoing annual survey conducted by the Depart­
ment of Veterinary Pathology, School of Veterinary Medicine, Louisiana 
State University and sponsored by the Louisiana Department of Wildlife 
and Fisheries. The deer had been gun-shot at different collection
sites throughout Louisiana and had been aged at the time of collection 
on the basis of teeth eruption and wear, weight, size and antler 
growth in male deer. Of the deer that had been collected over the
four years there were 331 serum samples made available for this 
present study. Thirty-eight sites within 27 parishes of Louisiana 
were where the 331 deer had been killed. There were 77 obtained
during 1980, 100 during 1981, 89 during 1982, 24 during 1983 and 41 
obtained during 1984.
The serum samples were removed from the freezer and allowed to 
thaw at room temperature for 18 hours. Each serum vial was inverted
to mix the sample before testing for Anaplasma antibodies by the 
indirect fluorescent antibodies (IFA) test. The serum samples were 
held for a further six hours at room temperature .before performing the 
MRCA test.
Indirect Fluorescent Antibody Test Antigen
The IFA antigen was prepared from Anaplasma marginale infected 
erythrocytes according to the methods of Gonzalez, Long and Todorovic 
(1978) and Goff and Winward (1983), with modifications.
A non-splenectomized 5-month old calf that had been inoculated 
with blood from a carrier calf was used to provide a 50 ml inoculum of 
whole blood of 14% parasitemia and 14% packed cell volume (PCV). The 
50 ml of blood was collected into a heparin rinsed syringe and the 
blood was centrifuged at 1000 G for 10 minutes at 5°C. The supernat­
ant and buffy coat were decanted. The erythrocytes were washed three 
times with cold (5°C) phosphate buffered saline (PBS), 3 volumes per 
volume of erythrocytes, using centrifugation as above and decanting of 
the supernatant. The erythrocytes were suspended in 3 volumes of PBS 
per volume of cells and Inoculated by intravenous injection into a 
splenectomized 7 month-old calf.
On Day 12, 500 ml whole blood was collected by suction pump into 
a 1000 ml flask containing 25 ml of a 12% sodium citrate solution. 
The PCV was 16% and the parasitemia 36% at the time of collection. 
The blood was immediately centrifuged at 1000 G for 10 minutes at 5°C 
and washed with cold PBS three times as above. The erythrocytes were 
resuspended to a 500 ml volume with cold PBS and given intravenously 
to a second 7 month-old splenectomized calf.
On Day 7 post-infection in the latter calf 500 ml whole blood was 
collected by suction pump into 500 ml Alsever's solution in a 1000 ml 
flask. The PCV was 18% and the parasitemia was 25%. The blood col­
lected into Alsever’s solution was immediately centrifuged at 1000 G 
for 10 minutes at 5°C. The supernatant and buffy coat were decanted 
and the erythrocytes washed 3 times with cold PBS as above. The 
erythrocytes were suspended in cold PBS containing 1% bovine serum 
albumen to a PCV of 20% for the cell suspension. Moderately thick 
blood smears were made on 75x25 mm microscope slides with frosted 
ends, covering the entire clear surface with blood. The slides were 
allowed to dry on the laboratory counter and were then placed face 
down on the sticky surface of one-inch masking tape. The slide-tape 
combination was folded on itself and placed in cardboard slide boxes 
and stored at -40°C.
Conjugate
Rabbit anti-bovine IgG fluorescein conjugated whole molecule3 
was used at a dilution of 1:80 with PBS.
IFA Test Procedure
The IFA test procedure was performed, with modifications, accord­
ing to the methods of Gonzalez, Long and Todorovic (1978) and Goff and 
Winward (1983).
The required number of blood-antlgen slides were removed from the 
-40°C freezer and the slides were allowed to thaw at room temperature
aMiles Laboratories, Inc. Elkhart IN
in a dessicator for approximately 15-20 minutes before removing the 
masking tape from the slides. The slides were placed in acetone held 
at -20°C for one minute, allowed to come to room temperature, dipped 3 
times in a staining dish of cold (5°C) PBS and then allowed to dry. 
Serum dilutions of 1:10 with PBS were placed in wells circumscribed by 
nail polish. Eighteen test serum dilutions plus a positive control 
deer seruma dilution were tested on each blood-antigen slide. 
Approximately 15 ill of serum dilution were placed in each well. The 
slides were placed in a container with wet paper towels and were 
incubated at 37°C for 45 minutes. After incubation the slides were 
washed with cold PBS using an aspirator bottle and were then washed in 
a glass staining dish with the use of a magnetic stirrer for 15 
minutes. The slides were placed on end on paper towels and allowed to 
dry at room temperature. Approximately 15 ]jl of diluted conjugate was 
placed in each well and a second moist chamber incubation was done at 
37°C for 45 minutes. The slides were washed as after the first 
incubation and placed in a glass staining dish of cold PBS until read 
as positive or negative under a fluorescent microscope.
Modified Rapid Card Agglutination Test 
The MRCA tests were conducted according to the directions of the 
commercially available Anaplasma test kit'3. To each test area of 
the card, 0.03 ml of bovine serum factor, 0.015 ml buffered Anaplasma
aSupplied by Dr. Ron Smith, Dept, of Pathobiology, School of
Veterinary Medicine, University of Illinois, Urbana-Champaign, 111. 
^Hynson, Westcott & Dunning, Inc., Baltimore, Md.
Anaplasmosis Card Test, Brewer Diagnostic Kit
antigen and 0.03 ml of deer serum were dropped and then mixed with 
individual toothpicks. The card of 10 test areas was rotated for 4 
minutes, under the humidifying cover on a mechanical rotator at 100- 
110 rotations per minute. Following rotation, a brief tilting of the 
card by hand 2 or 3 times was done and the results read immediately. 
Characteristic clumping was read as serum positive for Anaplasma anti­
bodies .
Positive and negative control deer sera were used to test the
reactivity of the MRCA.
Complement Fixation Test
Deer serum samples found positive with the IFA test were CF test­
ed for Anaplasma antibodies at the Louisiana Department of Agriculture 
Veterinary Diagnostic Laboratory, Louisiana State University.
Results
A total of six serum samples reacted positively to the IFA test 
for Anaplasma antibodies. Table 1 details the IFA and CF titre
results and the MRCA test results for the six serum samples. These
positive samples had been collected In 1980, 1981 and 1982, two serum
samples in each year. All 331 serum samples tested negatively to the 
MRCA test. The prevalence rate of Anaplasma antibodies as determined 
by the IFA test was 6/331 or 1.8%.
A total of 185 serum samples had been collected from female deer, 
103 samples from male deer and 43 samples from deer for which sex was 
not specified. Two of the positive serum samples had been obtained
TABLE VI-L Complement Fixation (CF) and Modified Rapid Card
Agglutination (MRCA) Test Results of Six Deer Sera 
Initially Found Positive by the Indirect Fluorescent 
Antibody (IFA) Test for Anaplasma Antibodies
Deer Serum IFA Titre CF Titre MRCA Result
Vial ///Year
512/80 1/80 AC -
519/80 1/160 AC -
656/81 1/320 AC -
683/81 1/640 1/20 -
736/82 1/20 AC -
745/82 1/20 1/5 —
AC = anti"Compleraentary CF test
from male deer, two from female deer and two from deer for which the 
sex was not specified.
Figure 1 depicts the approximate location of where the deer had 
been collected throughout the state of Louisiana. The numbers refer 
to the number of serum samples that were available for testing from 
each location. Of the six positive serum samples, two were obtained 
from deer collected within one parish in 1982 and the other four posi­
tive serum samples had been collected from deer in four different 
parishes. The 331 deer had been collected in 27 of the 64 parishes in 
Louisiana.
The age distribution of the deer that were tested is presented in 
Table 2. Two of the deer for which their serum samples reacted posi­
tively to the IFA test were one year old, two deer were two years old
and two were not classified as to age.
Discussion
The prevalence of Anaplasma antibodies of 1.8% according to the 
IFA test indicates that deer have minimal importance in the epizootio- 
logy of bovine anaplasmosis. For the most part, the deer had been 
collected in wildlife management and hunt club areas. It would be
difficult to say whether these deer had much contact with cattle.
Since the prevalence in deer was considerably less than the prevalence 
rate of 5.4% in the State cattle population (Hugh-Jones 1984, personal 
communication), minimal contact between the species could be 
suggested.
Figure 1 Map of Louisiana depicting approximate location and the number 
of deer collected during 1980-84 of which 331 serum samples 
were available for Anaplasma antibody testing. Asterisks 
indicate the location of where the six seropositive deer had 
been collected.
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TABLE VI-2 Age Distribution of 331 Deer for Which Serum Samples 
Were Tested for Anaplasma Antibodies by the Indirect 
Fluorescent Antibody Test
Age Number of Deer Number of Deer












NS - age not listed
The Tabanidae are the primary vector of anaplasraosis in Louisi­
ana. Ticks attacking cattle are not present to any extent and are not 
considered in the epidemiology of anaplasmosis. Maas and Buening 
(1981) considered that the low prevalence of Anaplasma antibodies in 
white-tailed deer of Missouri was partly due to the fact that the less 
efficient vectors ,the horseflies, were the main vector and not ticks. 
The distances between deer habitats and cattle pastures may be too 
great for Anaplasma organisms to remain viable on mouthparts of horse­
flies after partial feeding on a carrier bovine and completion of 
feeding on a susceptible deer. Transmission of anaplasmosis from 
acutely infected calves to susceptible splenectomized calves has been 
accomplished with as few as 10 horsefly bites. These flies were shown 
to remain mechanically infective for at least two hours after they had 
obtained a partial blood meal from an acutely infected calf (Hawkins, 
Love and Hidalgo 1982).
When Wilson and Richardson (1969) looked at the blood meals of 
tabanids collected in two areas of Louisiana, cattle-deer mixed blood 
meals were not found, however, cattle-horse blood meals were. The 
tabanids are capable of flying considerable distances as Sheppard and 
Wilson (1976) had found the flight range of marked tabanids to be up 
to 6.8 km on recaptured Tabanus lineola and Tabanus fusciostatus. It 
is questionable though, whether a partially fed tabanid persistent in 
completing its blood meal would fly any real distance from a cattle 
pasture to a deer habitat. Rather, the persistent tabanid would 
probably return to feed on the same host or a nearby host.
A number of serological tests for Anaplasma antibodies have been 
used on serum samples of game animals. Howarth, Hokama and Amerault
(1976) had summarized the results of tests conducted by different 
investigators. The capillary tube agglutination (CTA) test gave false 
positive results on 2 of 257 (0.8%) sera of known uninfected and false 
negative results with 41 of 147 (28%) sera of known infected Columbian 
black-tailed, white-tailed and mule deer, pronghorn antelope, elk and 
bighorn sheep. The CF test gave false negative results with 63 of 230 
(27%) sera of known infected animals of the five species excepting 
pronghorn antelope and gave false positive results with 384 of 843 
(46%) sera of known uninfected animals of the same six species plus 
132 sera from uninfected bison. The status of infection in each wild 
animal was known from subinoculation with blood into susceptible 
animals or by use of experimentally induced infections.
The IFA test has been used to detect Anaplasma antibodies in game 
animals. Lohr and Meyer (1973) tested the sera of 50 African ante­
lope, ten each of five species. Serum samples from three species 
revealed only 2 of 30 had IFA titres of less than 1:20 and blood 
inoculated from the ten antelope of each species into three suscep­
tible calves, according to species, transmitted anaplasmosis. Serum 
samples from the two other species revealed 5 of 20 with serum IFA 
titres of less than 1:20 whereas blood from the ten antelope of each 
species inoculated into two susceptible calves, according to species, 
failed to transmit anaplasmosis.
Lohr, Ross and Meyer (1974) tested sera of 1505 game animals 
comprising 19 different species from East Africa and Zambia for anti­
bodies to Anaplasma marginale using either the CTA test or IFA test or 
both. Anaplasmosis reactors were found in a number of the species but 
subinoculation with blood into susceptible animals was not done.
The MRCA test of serum samples from 35 Columbian black-tailed 
deer accurately identified 21 infected and 14 uninfected deer. 
Infection status had been determined through subinoculation of blood 
into individual susceptible calves (Howarth, Hokama and Amerault 
1976).
Kuttler, Robinson and Franklin (1970) stated that It was general­
ly recognized that the clinical reaction to Anaplasma marginale in 
wild animals was relatively mild, probably influencing resulting sero­
logical response, even though the animals may have persisted as carri­
ers for extended periods of time. In that regard, Christensen, Ose- 
bold, Harrold and Rosen (1960) had shown the carrier status persisted 
for at least 11 months after experimental infection in three Columbian 
black-tailed deer whereas the CF antibody titer fell below the diag­
nostic level 4 months post-infection. Hence, a highly sensitive sero­
logical test may be required to detect the carrier state in wild ani­
mals. The CTA and CF tests appear to be unreliable because of the 
number of false negatives obtained. Anti-complementary CF reactions 
in 25 of 30 white-tailed deer and 79 of 224 pronghorn antelope serum 
samples were reported by Howe and Hepworth (1965). In the present 
study 4 of the 6 IFA positive sera presented anti-complementary reac­
tions on the CF test. The MRCA test did not identify any reactors in 
the 331 deer tested.
The high sensitivity of the IFA test for anaplasma antibodies in 
cattle as reported by Gonzalez, Long and Todorovic (1978) would indi­
cate that this test may be ideal for use with game sera. The studies 
by Lohr and Meyer (1973) and Lohr, Ross and Meyer (1974) do not permit 
calculation of percent false positive and false negative since pooled 
blood inoculums were administered to susceptible calves or not done at 
all as in the latter study.
CHAPTER VII
THE INDIRECT FLUORESCENT ANTIBODY TEST FOR ANAPLASMOSIS
Introduction
The seroepidemiology of anaplasmosis is conducted to provide 
baseline data on the distribution of the disease in nature. It 
requires a serologic procedure that is simple and rapid to perform, 
inexpensive and epidemiologically sensitive and specific. The comple­
ment fixation (CF), the modified rapid card agglutination (MRCA) and 
the indirect fluorescent antibody (IFA) tests are the serological 
tests presently being used for mass screening of cattle populations 
for Anaplasma antibodies.
The CF test requires exacting and tedious tasks of standardizing 
complement, hemolysin and sheep erythrocytes (Martin and Ritchie 
1973). The IFA and MRCA tests are simple and can be performed rapid­
ly. The MRCA test, however, is not an ideal screening test as its 
epidemiological sensitivity has not been found to be sufficiently 
high. On the other hand, the IFA test lacks in specificity (Gonzalez, 
Long and Todorovic 1978).
The purpose of this study is to compare the results of the IFA 
and MRCA tests on the detection of Anaplasma antibodies in field serum 
samples and to discuss the attributes of the IFA test as a screening 
test for the serology of anaplasmosis.
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Materials and Methods 
Serum Samples
'Serum samples were obtained from the bovine serum bank of the 
Department of Epidemiology and Community Health, Louisiana State 
University School of Veterinary Medicine. Serum samples that had been 
obtained from cattle within the two study areas were collected from 
this bank. The blood sampling of the herds had been done under the 
Brucellosis Eradication Program during the period April 19, 1982 to 
June 14, 1984, and amounted to 2077 samples from 48 herds of 44
owners. There were 1037 serum samples from cattle that had been blood 
sampled in 1982, 679 in 1983 and 361 in 1984. The serum samples in 
the serum bank consisted of only non-hemolyzed sera and in herds over 
100 animals, only the first 100 non-hemolyzed samples were kept. For 
the most part, brucellosis reactor or suspect serum samples were not 
present in the serum bank.
None of the cattle in the 48 herds at the time of blood sampling 
had been vaccinated against anaplasmosis previously. The information 
on the vaccination status' of herds was collected for a descriptive 
epidemiological study of anaplasmosis in Louisiana of which this study 
was a component and from the serum bank basic data sheets which were 
filed for each herd composite of serum samples present in the serum 
bank.
Indirect Fluorescent Antibody Test
The IFA test antigen was prepared and the IFA test procedures 
were performed as detailed in the study of the prevalence of Anaplasma 
antibodies in Louisiana's cattle population. The tests were performed 
during the first six months of 1984.
Conjugate
Rabbit fluorescein-labelled anti-bovine IgG conjugate was diluted 
1:320 with PBS and this dilution was used for all IFA tests.
Modified Rapid Card Agglutination Test 
The MRCA tests were conducted according to the directions of the 
commercially available Anaplasma test kita. To each test area of 
the card 0.03 ml of bovine serum factor, 0.015 ml buffered Anaplasma 
antigen and 0.03 ml of test serum were dropped and then mixed with
individual toothpicks. The card of 10 test areas was rotated for A 
minutes, under the humidifying cover of a mechanical rotator at 100- 
110 rotations per minute. Following rotation, a brief tilting of the 
card by hand 2 or 3 times was done and the results read immediately. 
Characteristic clumping was read as serum positive for Anaplasma anti­
bodies . A known positive serum sample from a carrier animal was used 
to test the reactivity of the MRCA test. The tests were performed 
usually within 1 to A weeks after the blood samples were obtained.
Statistical Analysis 
McNemar’s test for correlated proportions was used to test the
hypothesis of no difference in positivity rates to the 2 serological 
test procedures. A significance level of 0.01 was used to set the 
critical region of the upper tail of the chi-square distribution
(Remington and Schork 1970).
aHynson, Westcott and Dunning, Inc. Baltimore. Anaplasmosis
Card Test, Brewer Diagnostic Kit.
Results
Of the 2077 serum samples tested by both the IFA and MRCA tests 
there was agreement of test results with 1963/2077 or 94.5%. The IFA 
tested 149 or 7.2% positive and the MRCA 65 or 3.1% positive. Table 1 
details the results of both tests and rejection of the hypothesis that 
the population proportions of positives for the 2 serological proce­
dures were equal.
Discussion
The IFA and MRCA showed a high agreement of test results. The 
apparent prevalences, however, were highly significantly different as 
determined by McNeraar's test for correlated proportions.
The MRCA tests had been performed within a few weeks after 
receiving the clotted blood samples and dispensing the sera into 
straws. The IFA tests were performed up to 2 years after the serum 
was originally collected. Of the 15 serum samples that had tested 
positive to the MRCA test and negative to the IFA test, 7 serum 
samples had been obtained from 3 herds in 1982, 4 from 3 herds in 1983 
and 4 from 2 herds in 1984. The serum samples in the serum bank exis­
ted in 0.5 ml aliquots and were kept frozen at -40°C. The negative 
reaction obtained by the IFA test on these 15 serum samples cannot be 
explained, but certainly aging of the sera is a doubtful reason 
considering the care of the serum samples subsequent to collection.
The greater number of positives as per the IFA test was expected 
because of the high epidemiological sensitivity of this test. Compar­
isons of the serological tests and determination of their respective 
sensitivity and specificity has been reported by 2 groups. Gonzalez,
Table VII-1 Comparison of Test Results of 2077 Serum Samples
Tested by the Indirect Fluorescent Antibody (IFA) 




IFA Test Positive 50 99 149
Results Negative 15 1913 1928
65 2012 2077
McNemar’s Test P < .0005
Long and Todorovic (1978) had compared the CF, IFA and MRCA tests for 
the diagnosis of bovine anaplasmosis in Columbia. Forty-eight animals 
from 6 months to 5 years of age raised in an anaplasmosis-free area 
and 82 animals 6 months to 2 years of age raised in an endemic ana­
plasmosis area and known to have suffered from Anaplasma marginale 
infection, were tested. The IFA test was the most sensitive for 
detecting known infected animals with a sensitivity of 97%. The MRCA 
and CF tests had sensitivities of 84 and 79%, respectively. The spec­
ificities for the IFA, MRCA and CF tests were 90, 98 and 100%, respec­
tively. With a disease such as anaplasmosis in which the actual pre­
valence is less than 10%, the ideal serological test should have a 
sensitivity of at least 95% and a specificity of at least 98%. The 
specificity is especially crucial because of the large numbers of 
false positives that would occur if the specificity was below 98%. In 
light of the above sensitivity and specificity determinations though, 
the MRCA test would be the serological test of choice. Since the 
numbers of known Anaplasma-infected and non-Infected animals used in 
the test sensitivity and specificity comparisons were small and the 
fact that such determinations cannot be extrapolated from one labora­
tory to another or from one population of animals tested to another, 
little weight can be put on these comparisons for determining the 
ideal test in any one laboratory. Another study comparing serological 
tests illustrates the variability in sensitivity and specificity 
determinations. Wilson (et al 1978) compared the CF, CTA, IFA and the 
plate agglutination (PT) tests for the detection of humoral antibodies 
to anaplasmosis in cattle in Australia. A total of 202 serum samples 
were collected from 19 cattle that had been experimentally infected
with Anaplasma marglnale. The sera were collected regularly over the 
period 7 to 220 days post-inoculation (PI)- The sensitivity of each 
test in detecting known infected was CF 93%, IFA 90%, CTA 80% and PT 
76%. The antibodies titers were consistently higher over the PI per­
iod with the IFA test as compared to . the CF and CTA tests. Of 286 
animals that existed in areas free of the Boophilus microplus tick 
vector, all 286 serum samples tested negative by each of the 4 tests, 
indicating 100% specificities.
IFA titers have been shown to be higher than that of other sero­
logical tests in 2 other experimental studies. In the study by 
Gonzalez, Long and Todorovic (1978) 10 eight—month old calves which 
had been obtained from an anaplasmosis-free area were infected with 
Anaplasma marginale. By day 12 PI, parasitemia was evident and anti­
bodies titers of 1:80 were achieved on both the CF and IFA tests. The 
MRCA was positive with 4 calves tested on day 26. The average maximum
parasitemia of 4% was obtained on day 22 and on that day the maximum
titers of the CF (1:160) and the IFA (1:1280) tests occurred. By week 
10, the mean IFA titer had dropped to 1:640 whereas the CF dropped to 
a titer of 1:10. The mean IFA titer remained positive at a titer
greater than 1:40 until the end of the experiment at week 20. The CF
remained positive only until week 14 and the MRCA gave positive 
results for all 10 calves until 6 months PI, the end of the observa­
tion period.
Goff and Winward (1983) tested serum samples from 10 adult cattle 
that had been experimentally Infected. The MRCA test identified all 
sera as positive by 30.5+ 7.6 days PI; the CF test 27.0 +4.7 days PI; 
and the IFA test 23.5 +4.9 days PI. The average maximum titers were
achieved on day 53 PI for the MRCA test, day 42 PI for the CF test and 
day 47 for the IFA test. Five of the 10 cattle died of acute anaplas- 
mosis at 42+2.6 days PI and average maximum titers before death were 
1:128, 1:56 and 1:3584 for the CF, MRCA and IFA, respectively. From 
the day of average maximum titer for each test to 203 days PI, the IFA 
had consistently greater average titers than the CF or MRCA tests.
Goff and Winward (1983) had used heat inactivation and absorption 
of the serum samples with a sonicate of normal bovine erythrocytes* 
The fluorescein-labelled anti-bovine IgG was diluted 1:20 with a 0.1% 
Evans Blue in PBS solution in order to reduce the background erythro­
cyte ghost fluorescence. In the present study the background fluores­
cence was not considered detrimental to identifying antibodies in 
positive and negative serum samples. The vast majority of serum 
samples tested showed clear reactions; only a small number of tests 
involved confusing non-specific reactions that required subjective 
decisions. The use of the 1:125 dilution of serum was found suffi­
cient enough to have the negative control serum to test consistently 
negative through all testing and keep the non-specific reactions to a 
minimum. The necessity of heat inactivation and absorption of the
sera would have precluded the IFA test for use as a screening test of
large numbers of samples. An additional benefit of the dilution would 
be the increase of specificity of the test. No titers were 
determined for the prevalence survey for which this study was a 
component. Titers in anaplasmosis serology of field sera Is not of 
much benefit. A high titered serum could represent a recent infection 
or recrudescence. In vaccination trials and chemotherapy studies, 
titers would of course be beneficial.
The IFA test utilizing rabbit anti-bovine IgG is specific for the 
gamma immunoglubulin. Murphy, Osebold and Aalund (1966a,b) had found 
that cattle experimentally infected with Anaplasma marginale had early 
CF antibody consisting exclusively of IgM but within 4 to 5 days this 
was augmented by IgG production. This IgG appearance coincided with 
the peak in parasitemia and by 30 days following the hemolytic crisis 
the proportion of CF antibody being IgG was 25%. The IFA test would 
hence be able to detect antibodies as early as the clinical phase of 
the disease process.
The repeatability of the IFA procedure in detection of antibodies 
to Babesia divergens was reported by Blewett and Adam (1978). The 
positive control serum was read as positive in 95% of the tests at 
both a 1:25 and a 1:50 serum dilution whereas the negative control 
serum was read as negative in 87% of tests at the 1:25 and 91% of 
tests at the 1:50 dilution. With 60 field sera identified by the IFA 
test as positive, doubtful or negative, 20 in each category, retests 
were performed 8 times on each serum sample. Consistent readings were 
found in 77% of the positive sera, 21% of the doubtful and 73% of the 
negative serum samples. In the present study the control sera consis­
tently gave their respective reading over all tests performed. The 
only variability was in the degree of fluorescence due to the number 
of parasitized erythrocytes which varied with each test well. No 
retests of field sera were performed in the present study to determine 
the repeatability of the IFA test.
CHAPTER VIII
CONCLUSIONS
In the study no specific hypotheses were being tested but rather 
qualitative and quantitative data collected on the epidemiology of 
anaplasmosis in the Red River Plains and Southeast areas of Louisiana. 
Interesting aspects of this descriptive epidemiological study that 
need further investigation include;
1. the prevalence of Anaplasma antibodies in Angus and Angus 
cross cattle in relation to other cattle breeds;
2. the prevalence of Anaplasma antibodies in beef cattle in 
comparison to that of dairy cattle;
3. the prevalence of Anaplasma antibodies in cattle four years 
of age and younger in comparison to five years of age and 
older;
4. the prevalence of Anaplasma antibodies in cattle according to 
herd size;
5. the prevalence of Anaplasma antibodies in cattle according to 
month of blood collection;
6. the correlation of tabanid fly activity with incidence of 
clinical anaplasmosis;
7. the correlation of specific flies of the Tabanidae with inci­
dence of clinical anaplasmosis;
8. the identification of disease conditions and management 
practices as determinants of clinical anaplasmosis and 
infection;
9. the epidemiological sensitivity and specificity of the 
indirect fluorescent antibody test;
10. the recrudescence of anaplasmosis in carrier cattle;
11. the persistence of serological titers in carrier cattle.
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